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ABSTRACT 
Comparison of Bidirectional Verbal Operants between People, Bidirectional Self-Talk, and 
Bidirectional Naming 
Sangeun Yoon 
I conducted a descriptive study consisting of 30 preschool participants with and without 
disabilities to examine the relation between the 3 bidirectional operants. The bidirectional 
operants were speaker-as-own-listener cusps, which included bidirectional verbal operants 
between people, bidirectional self-talk conversational units, and Bidirectional Naming (BiN). 
Using previously recorded videos of 10-min of social play (between-people condition) and 10-
min of isolated fantasy play (self-talk condition), I recorded each instance of verbal behavior as a 
vocal initiation (VI), a non-vocal initiation (NI), a vocal response (VR), and a non-vocal 
response (NR). These initial recordings were further analyzed into the number of unidirectional 
and bidirectional verbal operants between people, unidirectional and bidirectional self-talk, 
single topography verbal behaviors, multiple topography verbal behaviors, missed opportunities, 
initiations, responses, and numbers of verbal episodes. The data collection procedure consisted 
of identifying each instance of verbal behavior during the between-people and self-talk fantasy 
play conditions and identifying the rotation in the participant’s role as a speaker and a listener 
within the verbal episodes to measure the social reinforcement function. For BiN, I measured the 
number of untaught listener responses (10 selection responses) and the number of untaught 
speaker responses (10 tact and 10 intraverbal responses) with familiar and unfamiliar novel 
stimuli following a naming experience in which the participants received 20 opportunities to hear 
the names of 5 novel stimuli while observing the pictures of the stimuli. Data were statistically 
analyzed using parametric and nonparametric analyses with Bonferroni corrected p-value. The 
results of the study were as follow: (1) the participants’ demographic characteristics were 
independent of their demonstrations of the three bidirectional operants, (2) BiN with unfamiliar 
stimuli was related to the participants’ emission of the bidirectional verbal operants between 
people, (3) the components of BiN and the bidirectional self-talk conversational units were 
independent but the results are inconclusive, (4) the unidirectional verbal operants between 
people were related to the bidirectional self-talk conversational units, and (5) the participants’ 
additional communicative verbal behaviors (i.e., vocal and non-vocal verbal behaviors, single 
and multiple topographies verbal behaviors, initiations, and responses) were independent of their 
degrees of BiN. The analyses of data suggested that there may be an underlying social 
reinforcement that is shared amongst the three bidirectional operants. Some may be more 
observable, such as the shared social reinforcement function between the bidirectional verbal 
operants between people and BiN with unfamiliar stimuli; whereas some may be less observable, 
as it may be manifested in a form of an audience control rather than social reinforcement 
function. Thus, the current study adds to the existing literature on verbal development as it shows 
the relation between the three bidirectional operants and the importance of social reinforcement 
not only to engage in conversation with others but to learn names of new unfamiliar objects or to 
come under audience control.  
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CHAPTER I 
INTRODUCTION AND REVIEW OF THE LITERATURE 
 
Introduction 
 Complex social verbal behavior is unique to the human species (Cosmides, 1989; Greer 
& Keohane, 2005; Greer, Pohl, Du, & Moschella, 2017; Rehfeldt & Barnes-Holmes, 2009). It is 
the onset of bidirectional operants and the joining of the complex listener and speaker repertoires 
that improve the quality of our verbal functionality, which makes us “fully verbal” and 
independent within our verbal community (Barnes-Holmes, Barnes-Holmes, & Cullinan, 2000; 
Greer, 2008; Greer et al., 2017; Greer & Keohane, 2005; Greer & Ross, 2008; Greer & 
Speckman, 2009). According to the Verbal Behavior Developmental Theory (VBDT), children 
develop and progress through the stages of verbal behavior as they learn new reinforcers for 
observing stimuli (i.e., seeing and hearing) and as they produce speaker responses in social 
contexts (Greer et al., 2017). When these initially independent listener responses and speaker 
responses merge, their joining accounts for the acquisition of higher-order operants that allow 
individuals to “(1) communicate, (2) contact social contingencies, (3) learn from incidental 
experiences, and (4) learn from different types of instruction” (Greer et al., 2017, p. 675). Thus, 
VBDT compares the stages leading to the joining of the speaker and listener to that of 
metamorphosis in biology (Greer et al., 2017). 
As education and development are intertwined, the onset of these bidirectional operants is 
crucial for children’s growth in verbal development as well as their academic success. Based on 
a program of research on verbal development and bidirectional operants, VBDT identified 
bidirectional verbal operants between people, bidirectional self-talk conversational units, and 
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Bidirectional Naming (BiN) as the three bidirectional operants that mark the joining of the 
speaker and listener repertoires. For an individual to emit these three bidirectional operants, one 
must function as a speaker and a listener as well as a speaker-as-own-listener. However, these 
bidirectional operants may have different reinforcement functions and there is a lack of research 
examining the possible interrelation between these three bidirectional operants.  Thus, further 
research should seek to fill this gap in the current literature by conducting population research to 
examine the relation between the three bidirectional operants to determine if they are 
independent or interdependent speaker-as-own-listener cusps.  
Bidirectional Operants 
Verbal Development 
Verbal development has been an interest in the field of basic and applied sciences of 
Behavior Analysis, especially following the conceptualization and publication of Skinner’s 
theory of Verbal Behavior (1957). Unlike other linguistic theories that examined the topography 
of language, Skinner (1957) focused on a general theory of communicative behaviors that 
incorporated language. He specified that verbal behavior includes all communication, including, 
but not exclusive to, language. Thus, he incorporated both vocal and non-vocal behaviors in his 
definition of language based on its communicative function. His analysis of verbal behavior 
theorized how the speaker manipulates her environment through the mediation of the listener, 
and how social reinforcement maintains the continued verbal exchanges between individuals 
(Catania, 2013; Greer & Ross, 2008; Greer & Speckman, 2009; Skinner, 1957). He identified 
elementary verbal operants (i.e., echoic, mand, tact, autoclitic, textual response, and intraverbal) 
as the behaviors of the speaker and categorized them based on the controlling stimuli and their 
reinforcement function to further analyze individuals’ verbal development. Based on his theory, 
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several conceptual and empirical theories (i.e., Stimulus Equivalence, Relational Frame Theory, 
and Verbal Behavior Developmental theory) were developed to expand on Skinner’s verbal 
behavior and to provide empirical research that describes language acquisition and verbal 
development (Clarks & Hayes, 1996; Hayes, Barnes-Holmes, & Roche, 2001; Horne & Lowe, 
1996; Sidman, 1994). Thus, there are similarities between the three conceptual theories regarding 
their emphasis on defining the acquisition of language as a behavior function. 
Extension of Verbal Behavior 
Following the conceptualization and publication of Skinner’s theory of Verbal Behavior 
(1957), theorists in the field of the basic Behavior Analysis sought to explain the source of 
generative verbal behavior. Sidman (1994) attempted to expand and relate the phenomenon of 
Stimulus Equivalence (SE) to what was missing in Skinner’s (1957) theory of Verbal Behavior 
(i.e., generative verbal behavior) by utilizing the mathematical characteristics of equivalence (i.e., 
reflexivity, symmetry, and transitivity) in explaining how untaught relations can emerge due to 
their relation to one of the two previously taught relations (Clayton & Hayes, 1999; Hall & 
Chase, 1991). He initially postulated that the phenomenon of SE was a potential source of 
general verbal language as he argued SE was a unique human phenomenon and an evolutionary 
“given” (Clayton & Hayes, 1999). 
However, proponents of the Relational Frame Theory (RFT) argued the existence of 
other relations that are not only based on their sameness. Thus, they further expanded SE to 
explain and to incorporate all types of relations by identifying various types of relations that they 
called relational frames (i.e., coordination, opposition, distinction, comparison, hierarchical 
relation, temporal relation, spatial relation, conditionality/causality, and deictic relation; Barnes-
Holmes et al., 2000; Hayes et al., 2001). RFT identified the emergence of untaught relations (i.e., 
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mutual entailment, combinatorial entailment, and transformation of stimulus function) as the 
source of generative verbal language as they accounted for how stimuli can acquire behavior 
functions by participating in verbal relations with other events (Gross & Fox, 2009; Hayes & 
Barnes-Holmes, 2004; Lipkens, Hayes, & Hayes, 1993; Morgan, 2018). Thus, RFT theorists 
argued that the establishment of derived relations was not a phylogenic “given” as it was a result 
of experience and instructional history developed through multiple exemplar experiences or 
direct multiple exemplar instruction (Clayton & Hayes, 1999). 
 The VBDT research builds on Skinner’s (1957) theory of Verbal Behavior and 
incorporates RFT’s derived relations to seek to identify the experience and the sequence of 
verbal developmental steps necessary in becoming “fully verbal” (Greer et al., 2017; Greer & 
Keohane, 2005; Greer & Ross, 2008; Greer & Speckman, 2009). VBDT seeks to identify how 
children come to learn language and derived relations incidentally and to identify effective 
research-based developmental interventions to provide the experiences necessary for children to 
function as speaker-as-own-listeners. In addition, VBDT includes the role of the listener to 
provide a complete view of verbal behavior. The VBDT describes cusps and cusps that are new 
learning capabilities as they are aligned with the four verbal behavior developmental stages: pre-
verbal foundations, listener, speaker without the joining of the listener, and joining of the listener 
and the speaker (Greer et al., 2017; Greer & Keohane, 2005; Greer & Ross, 2008; Greer & 
Speckman, 2009). Within each verbal behavior developmental stage, VBDT specifies cusps and 
capabilities that must be present to allow individuals to contact new contingencies in their 
environment and to learn in a new way in order to become “fully verbal,” when one can function 
as a speaker-as-own-listener (Barnes-Holmes et al., 2000; Greer, 2008; Greer & Du, 2015; Greer 
et al., 2017; Greer & Keohane, 2005; Greer & Ross, 2008; Greer & Speckman, 2009; Rosales-
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Ruiz & Baer, 1996). Thus, I will further discuss the levels of verbal behavior and corresponding 
cusps and capabilities leading up to the joining of the listener and the speaker repertoires. 
Levels of Verbal Behavior 
Pre-verbal foundations. Pre-verbal foundational cusps are cusps that are typically 
acquired in utero and during infancy (Greer et al., 2017; Greer & Keohane, 2005). They are 
foundational building blocks and prerequisite repertoires to the listener and speaker cusps as they 
allow the child to observe and to contact her environment. Pre-verbal foundational cusps include 
conditioned reinforcement for voices and faces (Greer, Pistoljevic, Cahill, & Du, 2011; Maffei, 
Singer-Dudek, & Keohane, 2014), conditioned reinforcement for 3-dimensional and 2-
dimensional objects (Delgado, Greer, Speckman, & Goswami, 2009; Du, Broto, & Greer, 2015; 
Greer & Han, 2015; Keohane, Luke, & Greer, 2008; Keohane, Delgado, & Greer, 2009), 
generalized motor imitation (Du & Greer, 2014; Moreno, 2012), and the “capacity of sameness” 
across senses (Ackerman, 2010; Frias, 2017). These cusps allow children to contact 
reinforcement for observing and attending to their environment. However, children at a pre-
verbal foundational stage are entirely dependent on others for their lives as they can observe but 
cannot manipulate their environments through the mediation of the listener (Greer & Keohane, 
2005; Greer & Ross, 2008).  
 Listener stage. Following the acquisition of the pre-verbal foundational cusps, children 
enter the listener stage as they acquire listener cusps and capabilities that allow them to contact 
reinforcement from auditory stimuli in their environment. Listener cusps and capabilities include 
listener literacy (Goswami, 2014; Greer, Chavez-Brown, Nirgudkar, Stolfi & Rivera-Valdes, 
2005), auditory matching (Choi, Greer, & Keohane, 2015; Du, Speckman, Medina, & Cole-
Hatchard, 2017; Speckman-Collins, Lee-Park, & Greer, 2007), and Unidirectional Naming 
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(Frank, 2018; Woolslayer, 2013). In this stage, children can listen and perform verbally governed 
behavior by complying with a speaker’s verbal behavior (correspondence between hearing and 
doing, hear-do), by differentiating between different auditory stimuli (i.e., differentiating 
between spoken words “they” and “day”), and by acquiring language as a listener (i.e., listening 
to the word-object relation and selecting the named object without direct instruction). Children 
who function at a listener level of verbal behavior are still dependent on the speaker but have 
more independence than children at a pre-verbal foundational stage. In addition, children at a 
listener stage of verbal behavior can now engage in listener responses as they enter their verbal 
community by functioning as an audience for the speaker (Greer & Keohane, 2005). 
Speaker without the joining of the listener stage. In the presence of a listener, children 
with speaker repertoires can govern the consequences in their environment by emitting responses 
that are mediated through the listener (Greer & Keohane, 2005). Children with extensive speaker 
repertoires can communicate their needs and can communicate to obtain social reinforcement 
from a listener. As described by Greer et al. (2017), speaker cusps and repertoires include 
echoic-to-mand/tact (Williams & Greer, 1993), independent mand/tact (Greer & Du, 2010; 
Pistoljevic, Cahill, & Cassarini, 2010; Ross & Greer, 2003), intraverbal (Farrell, 2017; Lodhi & 
Greer, 1989; Williams & Greer, 1993), transformation of establishing operations across mands 
and tacts (Singer-Dudek, Lee-Park, Lo, & Lee, 2017), Bidirectional Naming (Fiorile & Greer, 
2007; Gilic & Greer, 2011; Greer, Stolfi, Chavez-Brown, & Rivera-Valdes, 2005; Greer & Du, 
2010; Pistoljevic, 2008), autoclitics (Luke, Greer, Singer-Dudek, & Keohane, 2011; Nuzzolo & 
Greer, 2004; Speckman-Collins & Greer, 2012), and textual responses (Hill-Powell, 2015; Lyons, 
2014; Mackey, 2017; Mercorella, 2017; Tsai & Greer, 2006). Thus, the acquisition of these 
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speaker cusps greatly increases children’s independence as well as their capacity to take part in 
their verbal community in the presence of a listener (Greer & Keohane, 2005). 
Joining of listener and speaker stage. A child is fully verbal when he can mediate the 
contingencies in his environment by functioning as a speaker-as-own-listener (Greer & Keohane, 
2005; Greer & Ross, 2008; Greer & Speckman, 2009). This is a critical stage of the verbal 
behavior as listener and speaker repertoires, which were initially independent of one another, 
join within the skin through the acquisition of the onset of bidirectional operants (Greer et al., 
2017; Greer, in press for 2019; Greer & Speckman, 2009). According to Greer et al. (2017), 
there are three bidirectional operants, which mark the initial joining of the speaker and listener 
repertoires: (a) bidirectional verbal operants between people, (b) bidirectional self-talk by 
rotating the roles of listener and speaker in self-talk fantasy play, and (c) BiN. 
Bidirectional verbal operants between people. Skinner (1957) stated that verbal behavior 
is social behavior. Verbal behavior includes interlocking contingencies between the listener and 
the speaker, which shape an individual’s behavior based on the given history of reinforcement or 
punishment (Catania, 2013; Greer et al., 2017; Skinner, 1957). Bidirectional verbal operants 
between people are often referred to conversational units by VBDT theorists and “turn-taking” 
by linguistic theorists (Becker, 1989; Donley & Greer, 1993). The idea of “turn-taking” is based 
on the structure of language or the lexicon of communication (Greer et al., 2017). However, the 
focus of verbal operants and conversational units is in the analysis of social verbal behavior, 
which observes and measures the social function of communication (Greer et al., 2017; Greer & 
Keohane, 2009; Greer, Pohl, Du, & Moschella, in press for 2019; Greer & Ross, 2008). Thus, 
proponents of VBDT state that bidirectional verbal operants between people do not have to make 
linguistic sense to an observer as long as the conversation has a social reinforcement function 
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between the individuals involved in the conversational units. For example, two individuals may 
engage in conversational units even though they may not speak the same language by using 
gestural forms. In addition, the responses of the speaker and listener must also reinforce each 
other in each verbal episode (Greer et al., 2017).  
In the earlier research by Greenspoon (1962), he found evidence that the verbal behavior 
of individuals was under the control of the verbal behaviors of others. Becker (1989) and Donley 
and Greer (1993) added to the literature by defining conversational units and finding evidence 
that the conversational units were under audience control. They defined conversational units 
within the dimension of social function, as a verbal episode that consisted of a verbal exchange 
between two or more individuals in which each individual acted as both a speaker and a listener 
within the same verbal episode, and that a verbal episode was “comprised of a verbal antecedent 
stimulus, a verbal response, and a verbal consequence for each student” (Donley & Greer, 1993, 
p. 391). They also specified that a verbal response could be vocal, gestural, tactile, or a 
combination of those (Becker, 1989; Donley & Greer, 1993; Lodhi & Greer, 1989).  
In 1989, Becker conducted two experiments as an initial attempt to measure 
conversational units and to examine whether conversational units were controlled by social 
conditions in the same manner that tacts and mands were under the control of environmental 
events. She observed six adults with developmental disability across various audience conditions 
(i.e., alone condition with no experimenter present, alone condition with experimenter present, 
participant with experimenter in a dyad, and participant with a peer in a dyad) during Experiment 
I and observed three adults with disabilities across mand (i.e., the experimenter initiated or 
responded with a mand) and tact conditions (i.e., the experimenter initiated or responded with a 
tact) during Experiment II. Overall, Becker (1989) found that the conversational units were 
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under audience control as the participants emitted significantly higher numbers of conversational 
units in the presence of an audience. In addition, she argued the importance of tact training to 
teach social reinforcement function as she observed that participants emitted higher numbers of 
tacts as an antecedent to a potential new conversational unit.  
Similar to the findings identified by Becker (1989), Donley and Greer (1993) found 
supporting evidence as they observed four middle school students with disabilities across various 
audience conditions in a group setting (i.e., teacher absent, teacher present, and alternating 
between teacher absent and teacher present condition). They found that participants emitted 
significantly higher numbers of conversational units with their peers when the teachers were 
absent. Thus, Greer et al. (2017) argued that bidirectional verbal operants between people are 
one of the most valid measures of social reinforcement (Baker, 2014; Donley & Greer, 1993; 
Greer & Du, 2015; Greer & Ross, 2008; Greer & Speckman, 2009; Lodhi & Greer, 1989, 
Schmelzkopf, Greer, Singer-Dudek, & Du, 2017; Sterkin, 2012). Both the speaker and the 
listener maintain and continue to engage in verbal episodes as a function of social reinforcement 
from each other’s responses (Greer & Du, 2015; Greer & Speckman, 2009). Thus, the speaker 
initiates conversations to be reinforced by the listener’s response, and the listener listens and 
responds to the speaker as the listener is reinforced by listening to the speaker (Greer et al., 
2017).  
In a more recent account, Briggs-Greer (2018) used the definition of conversational units 
as stated by Donley and Greer (1993) and Becker (1989) in her mother-child verbal interaction 
study. In her study, she further categorized the context of verbal responses as verbal operants 
(i.e., mands, tacts, and intraverbals), non-lexical verbal behavior (i.e., a grunt, whine, and 
“hmmm”), and non-vocal verbal behaviors (i.e., a smile, a head nod, and a wave) to fully capture 
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the social reinforcement function embedded within the interactions between the mothers and 
their child. Briggs-Greer (2018) examined 35 mother-child pairs and found children who 
functioned as speaker-as-own-listeners emitted more vocal verbal behaviors toward their mothers 
whereas children who functioned at the pre-foundational level of verbal behavior emitted more 
non-lexical and non-vocal verbal behaviors. Thus, she argued that children who functioned as 
speaker-as-own-listeners had the necessary language repertoires to engage in complex social 
verbal interactions with others (Briggs-Greer, 2018; Greer et al., 2017; Greer & Speckman, 
2009). Briggs-Greer (2018) also found no significant difference between the numbers of 
conversational units initiated by the child across different levels of verbal behavior, which may 
possibly indicate the importance of reinforcement function for communicating with others rather 
than the level of individual’s verbal behavior. Therefore, I will further discuss interventions for 
establishing the reinforcement function for engaging in bidirectional verbal operants between 
people. 
Interventions for establishing bidirectional verbal operants between people. Typically 
developing children naturally learn to listen to others and to engage in successful social 
interactions, such as engaging in social conversations and cooperating with other individuals as 
they contact mutual benefits (Cosmides, 1989). However, many children with developmental 
disabilities as well as typically developing young children have shown deficits in the area of 
social communication and social reciprocity. This results in decreased opportunities to 
successfully interact with others and in a decreased capacity for the individual to participate 
within her verbal community, thus limiting one’s ability to become “fully verbal” (Radley et al., 
2017). For children who demonstrate the absence of social reinforcement due to limited 
experiences, interventions should focus on inducing cusps that enable the child to contact new 
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social reinforcement for bidirectional verbal operants between people (Eby & Greer, 2017; Greer 
et al., 2017). Researchers found increases in the number of verbal operants emitted by the 
participants following the acquisition of social reinforcement as a conditioned reinforcer through 
the following interventions: Intensive Tact Protocol (Greer & Du, 2010; Schmelzkopf et al, 
2017), Yoked-contingency Game Board (Choi & Jung, 2014; Darcy, 2017; Davies Lackey, 2005; 
Stolfi, 2005), and Social Listener Reinforcement Protocol (Baker, 2014; Reilly-Lawson & Walsh, 
2007; Sterkin, 2012). 
Intensive tact protocol. Complex social verbal behavior is a result of a history of social 
reinforcement (Baker, 2014; Eby & Greer, 2017; Greer & Du, 2010; Greer & Ross, 2008; 
Schmelzkopf et al., 2017). Greer et al. (2017) stated that the tact repertoire is the earliest step to 
induce social reinforcement for communicating. It is a prerequisite to bidirectional verbal 
operants between people, as a child must function as both a speaker (initiating conversation) and 
a listener (responding to the speaker) to engage in conversational units (Baker, 2014; Briggs-
Greer, 2018; Greer & Ross, 2008; Sterkin, 2012). In the absence of the tact repertoire, the child 
does not contact social reinforcement through a speaker response. Thus, researchers studied and 
found that the intensive tact protocol was effective in providing extensive tact repertoires as well 
as conditioning social reinforcement for tacts (Greer & Du, 2010; Delgado & Oblak, 2007; 
Pistoljevic & Greer, 2006; Schauffler & Greer, 2006; Schmelzkopf et al., 2017).   
The intensive tact protocol involves the daily delivery of 100 pure tact learn units in 
addition to the existing mean number of instructional learn units (Greer & Du, 2010; Greer & 
Ross, 2008). Tact learn units consisted of the presentation of visual stimuli without the vocal 
antecedent (i.e., “What is this?”). Schmelzkopf et al. (2017) found that intensive tact protocol 
functioned to establish social attention as a reinforcer, which resulted in increased emission of 
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conversational units in non-instructional settings. This finding was similar to the results of 
Delgado and Oblak (2007), Pistoljevic (2008), Pistoljevic and Greer (2006), and Schauffler and 
Greer (2006). In addition, Schmelzkopf et al. (2017) found a shift in the reinforcement value of 
approvals and edibles. They found increased rates of correct responding for performance tasks 
during the approval condition in comparison to the edible condition following the intensive tact 
intervention. Eby and Greer (2017) found an increased number of tacts, sequelics (intraverbals), 
and conversational units emitted by the participants during the praise condition in comparison to 
the token condition following the implementation of intensive tact instruction. Thus, these 
findings indicated a shift in the social reinforcement control as the child emitted fewer mands but 
more tacts and conversational units upon the acquisition of an extensive tact repertoire (Eby & 
Greer, 2017; Greer et al., 2017).  
Peer-yoked contingency game board. Once a child acquires the tact cusp, social 
behaviors begin to function as social reinforcement for the child to tact and to listen to others. 
For an individual to acquire reinforcement for the listening component of the bidirectional verbal 
operants between people and to emit advanced social operants (sequelics and conversational 
units), one must have a history of social reinforcement from others (Greer & Ross, 2008). Choi 
and Jung (2014) observed three high school students with intellectual disabilities who had mands, 
tacts, sequelics, and conversational units in their repertoire. The sequelic is a unidirectional 
verbal operant between people that occurs when an individual emits a listener-speaker response 
in the presence of a listener (initial speaker), which is reinforced by the listener (Greer, 2002). 
The conversational unit is a bidirectional verbal operant between people that occurs when the 
individual functions as both a speaker and a listener while engaging in a back-and-forth 
conversation (Baker, 2014; Donley & Greer, 1993; Greer & Ross, 2008; Lodhi & Greer, 1989). 
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According to their observation across different tabletop activities (i.e., board games, arts and 
crafts, books), they found that all participants emitted significantly higher numbers of sequelics 
and conversational units in conditions with an embedded peer-yoked contingency (board game 
conditions) in comparison to the conditions without the peer-yoked contingency (book condition 
and arts and craft condition). Thus, Choi and Jung (2014) demonstrated that for children who 
have social operants in their repertoire, a peer-yoked contingency is a key component for the 
spontaneous emission of these advanced social operants and the acquisition of reinforcement for 
the listening component of the social exchange.  
Similarly, Darcy (2017) examined the effects of a peer-yoked contingency on the rate of 
learning demonstrated by 16 early elementary participants. In Experiment I, Darcy found that 
students with reinforcement for collaboration learned musical symbols at a faster rate during the 
peer-yoked contingency condition; whereas, students with an absence of reinforcement for 
collaboration learned musical symbols at a faster rate during the individual reinforcement 
condition. In Experiment II, Darcy implemented a collaborative intervention (i.e., a peer-yoked 
contingency between two individuals to obtain mutual reinforcer) for those students who 
demonstrated the absence of reinforcement for collaboration. Following the collaborative 
intervention, Darcy found a shift in the reinforcement value for collaboration as students 
demonstrated faster rates of learning during the collaborative condition than during the 
individual reinforcement condition. Thus, the results indicated the importance of a history of 
reinforcement for collaborating with others in a peer-yoked contingency condition (Greer & Ross, 
2008). 
Social listener reinforcement protocol. Lastly, another intervention that establishes cusps 
that enable a child to contact social reinforcement for the bidirectional verbal operants between 
14 
people is called the Social Listener Reinforcement Protocol (SLR; Greer & Ross, 2008). The 
SLR protocol is a social skill treatment package, which consists of a peer-yoked contingency 
gameboard and a series of social activities that promote collaboration between the individuals to 
contact mutual reinforcement (Baker, 2014; Reilly-Lawson & Walsh, 2007; Sterkin, 2012). Thus, 
it provides the individuals, in a team, with opportunities to contact reinforcement dependent 
upon listening to a peer’s response with a peer-yoked contingency gameboard (Baker, 2014; 
Reilly-Lawson & Walsh, 2007; Stolfi, 2005). The peer-yoked contingency gameboard has two 
10-step paths, one for the student team and one for the teacher team, and a finish line that 
represents the availability of the predetermined mutual reinforcer.  During the SLR protocol, the 
experimenters used this gameboard throughout the series of social activities (i.e., I Spy, 20 
Questions, Peer Tutoring, and Group Instruction) to visually represent the successful 
collaboration between the participants and to visually represent their progress in achieving their 
mutual reinforcer (Greer & Ross, 2008). The student team moved up on the game board for 
correct responses following a successful collaboration between the participants, and the teacher 
team moved up for incorrect responses following unsuccessful collaboration. Following the SLR 
protocol, Reilly-Lawson and Walsh (2007) found significant increases in the numbers of 
conversational units, sequelics, and Wh questions emitted by two fourth-grade participants 
across non-instructional settings (NIS). Baker (2014) and Sterkin (2012) assessed the effects of 
SLR on the emission of social operants emitted by preschool children, and they found similar 
results as those found by Reilly-Lawson and Walsh (2007). Thus, the SLR protocol provides 
individuals with opportunities to reinforce and to be reinforced while engaging in bidirectional 
verbal operants with others.   
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Bidirectional self-talk conversational unit. Another bidirectional operant that marks the 
initial joining of the speaker and the listener repertoires is called the bidirectional self-talk 
conversational units. Unlike the bidirectional verbal operants between individuals, the 
bidirectional self-talk is when a child contacts reinforcement by talking to oneself through 
rotating the roles of a speaker and a listener during a self-talk fantasy play (Greer et al., 2017; 
Greer & Speckman, 2009; Skinner, 1957). It is often observable in young children when they 
engage in overt self-talk during solitary fantasy play before they become more socially aware 
and begin engaging in covert self-talk (Greer et al., in press for 2019; Lodhi & Greer, 1989). A 
bidirectional self-talk conversational unit occurs when an individual rotates the roles of a speaker 
and a listener during a self-talk fantasy play by emitting at least one initiation (i.e., “Ducky, you 
must be hungry!”) and two reciprocal responses with communicative and social functions (i.e., 
Duck puppet pretending to eat and saying, “This is yummy,” and a child responding, “Try this 
one! Apples are yummy too!;” Greer et al., 2017). During the bidirectional self-talk 
conversational units, the individual must be reinforced as in a speaker and in a listener role 
within the verbal episode. Thus, the original speaker role is reinforced by the subsequent listener 
role, and the listener role is reinforced by the speaker role. A bidirectional self-talk 
conversational unit must involve interaction between the speaker and the listener responses 
within the self-talk fantasy play and social reinforcement for both the speaker and the listener, 
which defines its bidirectional relation (Donley & Greer, 1993; Greer & Ross, 2008; Lodhi & 
Greer, 1989).  
A unidirectional self-talk sequelic, also known as intraverbal mand or intraverbal tact, is 
considered a component of conversational units. It measures partial social reinforcement in 
which the individual only contacts reinforcement for the initial speaker role when rotating the 
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role of a speaker and a listener during self-talk fantasy play, which defines its unidirectional 
relation. Thus, during a unidirectional self-talk sequelic, only the initial speaker is reinforced as 
the individual emits one initiation and one reciprocal response with communicative and social 
functions (Briggs-Greer, 2018; Farrell, 2017; Greer et al., 2017). A unidirectional self-talk 
sequelic is comprised of say-do correspondence and self-talk intraverbals, which only reinforces 
the initial speaker. Say-do correspondence is a cusp that enables a child to function as a listener 
to one’s own speaker behavior (Farrell, 2017; Greer & Speckman, 2009; Paniagua, 1990; 
Paniagua & Baer, 1982). Thus, a child with say-do correspondence can announce what he will do 
and follow through with what he announced (i.e., “First, I will go to my room, then, I will open 
my toy box to play with trains”). A self-talk intraverbal response is when a child functions as a 
listener-speaker to his own speaker behavior. For example, a child initiates a speaker response 
(i.e., playing with a duck puppet, and saying, “Ducky, you must be hungry!”) and responds as a 
listener by emitting a vocal response (i.e., duck puppet saying, “This is yummy!”) or a non-vocal 
response (i.e., duck puppet pretending to eat).  
However, self-talk is not always bidirectional as self-talk may not involve the full 
rotation in the roles, the communicative function, or the social reinforcement between the 
speaker and the listener. An individual reciting a list of groceries to himself (i.e., “I need to get 
some eggs, apples, and oranges”) is not engaging in bidirectional self-talk conversational unit as 
it does not involve the rotation of the speaker and the listener roles. An individual engaging in 
scripting or palilalia is not engaging in bidirectional self-talk conversational units even if the 
individual is rotating the role of the speaker and the listener as there is no presence of social 
reinforcement or communicative function within the verbal episode. In addition, the 
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unidirectional self-talk sequelic is not bidirectional due to the absence of social reinforcement for 
both the speaker and the listener.  
Research on self-talk has been difficult as one may talk to oneself covertly (Greer et al., 
2017). However, Lodhi and Greer (1989) observed that young children engage in overt self-talk 
when engaging in solitary fantasy play. They identified four typically developing kindergartners 
who emitted higher rates of bidirectional self-talk conversational units when playing with 
anthropomorphic toys (i.e., dolls) in comparison to when playing with nonanthropomorphic toys 
(i.e., blocks), thus, validating Skinner’s (1957) theory of “speaker and listener within the skin” 
(Greer et al., 2017). Farrell (2017) further examined a procedure to induce bidirectional self-talk 
conversational units, the Self-Talk Immersion Procedure (STIP), with four participants who 
ranged in age from 24 to 36-months old. The STIP consisted of a modeled presentation of self-
talk and say-do sequelics across different fantasy play scenes, and the participant’s vocal and 
physical imitations to reenact the presented fantasy play scenes. Farrell (2017) found an 
increased number of instances of unidirectional self-talk sequelics (say-do correspondence), 
bidirectional self-talk conversational units, and bidirectional verbal operants between people 
following the STIP. In addition, following the implementation of the STIP, BiN emerged for 
three of the four participants. Thus, Farrell’s (2017) findings indicated that the three bidirectional 
operants may be interrelated; however, there remains a lack of research that supports the 
interrelation between the three bidirectional operants (Greer & Longano, 2010). 
Bidirectional Naming. Horne and Lowe (1996) identified Bidirectional Naming (BiN) 
“as a higher order bidirectional behavioral relation that (a) combines conventional speaker and 
listener behavior within the individual, (b) does not require reinforcement of both speaker and 
listener behavior for each new name to be established, and (c) relates to classes of objects and 
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events” (p. 207). They initially argued that children acquired language from listening to others 
(i.e., caregivers), and then, listening to oneself (i.e., echoics) through the “establishment of 
bidirectional or closed loop relations between a class of objects and events and the speaker-
listener behavior” (Horne & Lowe, 1996, p. 200). Thus, they proposed BiN as a facilitator of 
emergent categorizations and the source of incidental language acquisition and “exponential 
expansion” of language (Greer & Longano, 2010, p. 75; Lowe, Horne, Harris, & Randle, 2002; 
Miguel, Peursdottir, Carr, & Michael, 2008). Since then, the research has suggested that the 
reinforcer is embedded in the stimuli and the observing responses, not in the caregiver’s 
approvals (Longano & Greer, 2014). 
VBDT research extended Horne and Lowe’s Naming theory (1996) as it relates to the 
incidental learning of language and identified BiN as a verbal developmental capability that 
enables a child to learn language incidentally and to learn in a new way without the need for 
direct instruction (Greer, Corwin, & Buttigieg, 2011; Greer et al., 2017; Greer & Ross, 2008; 
Greer & Speckman, 2009). VBDT focuses on incidental learning of language whereas other 
Naming research focuses on the BiN relation to other derived relations (Miguel, 2016; Miguel & 
Kobari, 2013; Miguel, Petursdottir, Carr, & Micheal, 2008; Morgan, 2018). According to the 
VBDT, a child with BiN can acquire untaught listener or speaker responses through naming 
experiences, which consist of joint attention between a child and the caregiver in which they 
observe a stimulus (i.e., firetruck) together while the caregiver tacts the stimulus (i.e., “Look! 
There goes a firetruck!”; Fiorile & Greer, 2007; Frank, 2018; Gilic & Greer, 2011; Greer & Du, 
2015; Greer & Keohane, 2005; Greer, Stolfi, & Pistoljevic, 2007; Hawkins, Kingsdorf, Charnock, 
Szabo, & Gautreaux, 2009; Hranchuk, Greer, & Longano, 2018; Kleinert, 2018; Morgan, 2018). 
A child with Unidirectional Naming (UniN), also previously referred to as the listener half of 
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Naming, can emit untaught listener responses (i.e., pointing to or selecting) upon hearing the 
name of the previously observed stimulus. A child with BiN can emit untaught listener and 
speaker responses (i.e., tacts and intraverbals) upon seeing the previously observed stimulus in 
the environment. The onset of BiN allows the joining of the listener and the speaker repertoires, 
which allows children with BiN to learn at a faster rate when provided with a teacher model in 
comparison to the children without BiN (Frank, 2018; Greer et al., 2011; Hranchuk et al., 2018). 
Thus, interventions for establishing BiN and the identification of sources of BiN has been a topic 
of interest for VBDT researchers. 
Interventions for Establishing BiN. BiN allows exponential acquisition of functional 
vocabulary, enhancement of existing verbal cusps and capabilities, and the development of 
additional verbal capabilities (Hawkins et al., 2009; Hawkins, Gautreaux, & Chiesa, 2018). Thus, 
it is necessary to provide children who demonstrate the absence of BiN with environmental 
interventions to establish BiN (Greer & Keohane, 2005; Horne & Lowe, 1996). According to the 
line of research, the identified source of the onset of BiN is the establishment of conditioned 
reinforcement for observing responses combined with the learned reinforcement for echoics 
(Greer & Longano, 2014). Thus, the tact (object and the echoic correspondence) becomes an 
automatic reinforcer. Several interventions have been effective in establishing BiN. The 
following subsections will review interventions for establishing BiN: (a) Multiple exemplar 
instruction (Corwin & Greer, in press; Fiorile & Greer, 2007; Gilic & Greer, 2011; Greer et al., 
2011; Greer et al., 2005; Hawkins et al., 2009; Morgan, 2018; Nuzzolo-Gomez & Greer, 2004), 
(b) intensive tact protocol (Pistoljevic, 2008), and (c) stimulus pairing (Cahill & Greer, 2014; 
Frias, 2017; Kleinert, 2017; Lo, 2016; Longano & Greer, 2014). 
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Multiple exemplar instruction. One procedure that has systematically led to the onset of 
BiN is called Multiple Exemplar Instruction (MEI) across listener and speaker responses 
(Corwin & Greer, in press; Feliciano, 2006; Fiorile & Greer, 2007; Gilic & Greer, 2011; Greer et 
al., 2005; Greer et al., 2011; Hawkins et al., 2009; Morgan, 2018; Nuzzolo-Gomez & Greer, 
2004; Olaff, Ona, & Holth, 2017; Woolslayer, 2013).  MEI involves the teaching of abstractions 
or essential stimulus control by presenting stimuli across irrelevant characteristics and 
dimensions to bring independent response topographies under joint stimulus control (Engelmann 
& Carnine, 1991; Greer & Ross, 2008). Many researchers found MEI to be effective in teaching 
participants to acquire joint stimulus control across an array of repertoires, such as MEI across 
listener and speaker responses (Fiorile & Greer, 2007; Greer et al., 2005; Greer & Keohane, 
2005; Hawkins et al., 2009; Longano, 2008), MEI across mands and tacts (Singer-Dudek, Park, 
Lee, & Lo, 2017), MEI across saying and writing responses (Eby, Greer, Tullo, Baker, & Pauly, 
2010), MEI across senses (Frais, 2017), MEI across auditory stimuli and actions (Cahill & Greer, 
2014), and MEI for exclusion (Greer & Du, 2015).  
To induce BiN, MEI across listener and speaker responses intervention consists of rotated 
instruction in (a) matching a target stimulus to a corresponding exemplar in the presence of two 
non-target exemplars while hearing the name of the target stimulus (i.e., matching picture of a 
car to a car), (b) selecting a named stimulus in the presence of two non-target stimuli (i.e., 
pointing to the picture of a car), (c) emitting a tact response when presented with a visual 
antecedent (i.e., picture of a car), and (d) emitting an intraverbal response when presented with a 
visual antecedent along with a vocal antecedent (i.e., “What is this?”). Greer, Stolfi and 
Pistoljevic (2007) found that MEI is more effective than single exemplar instruction (i.e., direct 
teaching in one topography) in establishing BiN as MEI across listener and speaker responses 
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consists of systematic rotation of instruction across multiple response topographies (i.e., match, 
point, tact, and intraverbal) to join the listener and speaker repertoires (Longano & Greer, 2014; 
Greer et al., 2007).  
 Intensive tact instruction. Another procedure that can induce BiN is the intensive tact 
procedure. This procedure is identical to the procedure described in the Bidirectional verbal 
operants between people section. This procedure increases tact opportunities (speaker behavior), 
which is one of the primary and foundational repertoires required as a prerequisite for the 
subsequent development of more complex verbal behavior and higher-order operants (Catania, 
2013; Greer & Du, 2010; Horne & Lowe, 1996). The intensive tact procedure is commonly used 
to increase vocal verbal operants (i.e., mands, tacts, intraverbals, “Wh” questions, and 
conversational units) in non-instructional settings as participants only contact social 
reinforcement for emitting speaker-initiated tacts (Greer & Du, 2010; Delgado & Oblak, 2007; 
Pistoljevic & Greer, 2006; Schauffler & Greer, 2006; Schmelzkopf et al., 2017). However, 
Pistoljevic (2008) found that the intensive tact procedure was also effective in establishing BiN 
for three preschool students with autism. The intensive tact procedure provides individuals with a 
history of social reinforcement for observing responses and saying the name of the stimulus, 
which could contribute to the conditioning of visual stimuli as reinforcers (Longano & Greer, 
2014).  
Stimulus-stimulus pairing as a function of repeated trials. For some children, an 
intervention is not necessary as existing reinforcers may account for the establishment of the 
transformation of stimulus function across listener and speaker responding (Kleinert, 2017; Lo, 
2016; Longano & Greer, 2014). Longano and Greer (2014) found that repeated exposure to 
word-object tact relation experiences (i.e., hearing the word while observing the stimulus) was 
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sufficient in increasing the participant’s echoics and establishing BiN when the participants had 
both visual and auditory stimuli as reinforcers for observing responses. In a recent study by 
Kleinert (2017), she examined the repeated stimulus-stimulus (s-s) trials on establishing BiN 
with 20 first-grade participants. Repeated s-s trials involved incidental naming experiences 
(hearing the name while looking at the stimuli) followed by 20 unconsequated selection 
responses, tact speaker responses, and intraverbal tact responses (total of 60 responses). Kleinert 
(2017) found that the repeated probe intervention functioned as a conditioning procedure for the 
participants as participants received multiple exposures to pairings of visual and vocal stimuli 
across familiar and non-familiar novel stimuli. Kleinert’s (2017) findings were similar to those 
found by Lo (2016), who also found that the repeated s-s trials (unconsequated point, tact, and 
intraverbal responses) functioned as a gradual conditioning process as theorists propose that 
existing reinforcement from observing responses resulted in transformation of stimulus function 
across listener and speaker responses for six participants. Thus, pre-existing conditioned 
reinforcement for observing responses for visual and auditory stimuli may have selected out the 
participants’ observing responses, which resulted in the acquisition of novel names (Cahill & 
Greer, 2014; Kleinert, 2017; Lo, 2016; Longano & Greer, 2014).  
Extensions of BiN. Recent VBDT research shows once basic BiN is demonstrated, other 
forms of BiN may emerge as a result of additional multisensory experiences (Greer et al., in 
press for 2019). The following subsections will review other forms of BiN: (a) BiN by exclusion 
(Greer & Du, 2015), (b) BiN with actions (Cahill & Greer, 2014), and (c) BiN across senses 
(Frias, 2017). 
BiN by exclusion. Vincent-Smith, Bricker, and Bricker (1974) identified that the 
exclusion procedure was effective in teaching the listener vocabulary (i.e., selecting the named 
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object) to young toddlers. They found that young toddlers acquired words more quickly when 
presented with one unknown stimulus in the presence of one known stimulus (Dixon, 1997; 
McIlvane & Stoddard, 1981; McIlvane, Munson, & Stoddard, 1988; Wilkinson, Dube, & 
McIlvane, 1998; Wilkinson, Rosenquist, & McIlvane, 2009). Thus, Greer and Du (2015) 
examined learning by exclusion to determine if this learning ability is a verbal behavior 
developmental cusp. Greer and Du (2015) conducted two experiments and found that not all 
individuals with BiN can learn through the exclusion procedure. In Experiment I, only five of the 
39 preschoolers with BiN acquired new words through the exclusion procedure. Thus, in 
Experiment II, they implemented Exclusion Multiple Exemplar Training (EMEI) for the 
experimental group. EMEI consisted of a systematic rotation of point, tact, and intraverbal 
responses under the exclusion condition (Greer & Du, 2015). A point response involved the 
participant discriminating between the target and nontarget exemplars and selecting the unknown 
stimulus. Tact and intraverbal responses involved the participant labeling the presented stimulus 
with or without the verbal antecedent (i.e., “What is this?”). They concluded that learning by 
exclusion meets the criterion of a verbal behavior developmental cusp, and coined the term, 
“Bidirectional Naming by Exclusion (NE)”. They defined NE as an extension of BiN in which it 
enables the individuals to acquire the name of an unknown stimulus when presented with other 
known stimuli (Greer & Du, 2015; Morgan, 2018). 
BiN with actions. When children are presented with different stimuli, children’s 
observing responses are selected out based on their prior experiences (Keohane et al., 2008). 
This may hinder or facilitate the acquisition of language. Thus, Cahill and Greer (2014) tested 
for BiN with additional stimuli (actions). In the first experiment, they found when children are 
presented with the names of the objects along with the actions, the actions selected out the 
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observing responses of the children. Children acquired the names and the corresponding actions 
to the objects, but they acquired the actions of the objects with higher accuracy as they were 
under the stimulus control of the action rather than being under the stimulus control of the name. 
In the second experiment, Cahill and Greer (2014) implemented MEI with demonstration of 
function, which involved rotation of four different responses to each stimulus: “(1) imitating 
actions, (2) listener response, (3) tact speaker response, and (4) intraverbal speaker response” (p. 
1737). Following this procedure, they found the establishment of BiN as a result of the pairing of 
reinforcement with the visual (action) and auditory stimuli (Cahill & Greer, 2014). 
BiN across senses. Similar to the study by Cahill and Greer (2014), Frias (2017) tested 
for the emergence of BiN across multiple modalities (visual, auditory, tactile, and olfactory) in 
preschool students with and without disabilities. In the first experiment, Frias (2017) found all 
six participants demonstrated BiN for visual stimuli, and three of the six participants 
demonstrated BiN in another modality as well. In the second experiment, Frias (2017) found the 
establishment of BiN for four of the six participants following the repeated stimulus-stimulus 
pairing procedure across multiple modalities. Thus, these findings support the emergence of BiN 
across varied stimulus modalities as a result of conditioned reinforcement from observing 
responses (Greer et al., in press for 2019). 
Significance of Bidirectional Operants 
The acquisition of bidirectional operants leads to increased independence in mediating 
one’s environment and an accelerated rate of language learning (Greer et al., 2017; Greer & 
Keohane, 2005; Greer & Ross, 2008). In addition, these three bidirectional operants account for 
advanced verbal functions such as silent reading (Hill-Powell, 2015), bilingual language 
acquisition (Cao, 2019; Mosca, 2015), and joint-print control across reading and writing (Frank, 
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2018; Greer et al., 2017, Greer & Speckman, 2009; Helou-Care, 2008; Hrankchuk et al., 2018; 
Corwin & Greer, submitted). Frank (2018), Greer et al. (2011), and Hranchuk et al. (2018) found 
that children with BiN acquired reading (i.e. sight words, nouns, and tacting beginning sounds) 
and mathematics objectives (i.e., addition, identifying more or less, and sequencing numbers) at 
a faster rate through the teacher model, whereas children without BiN demonstrated a slower rate 
of acquisition and required direct instruction of learn units. Thus, the acquisition of bidirectional 
operants is necessary for children’s success in an educational setting as well as in verbal 
development (Corwin & Greer, submitted; Frank, 2018; Greer, 2008; Greer et al., 2017; Greer & 
Speckman, 2009; Helou-Care, 2008; Hranchuk et al., 2018).  
Outline and Rationale for the Current Study 
 There has been extensive research and literature on language acquisition and verbal 
language development. However, there remain gaps between the current literatures on the 
speaker-as-own-listener cusps, which make us “fully verbal” and independent within our verbal 
communities (Barnes-Holmes et al., 2000; Greer, 2008; Greer et al., 2017; Greer et al., in press 
for 2019; Greer & Keohane, 2005; Greer & Ross, 2008; Greer & Speckman, 2009). According to 
Farrell (2017), there seem to be probable interrelations between bidirectional verbal operants 
between people, bidirectional self-talk conversational units, and BiN. As they all require rotation 
of listener and speaker roles between individuals or within the skin; the establishment of one of 
the bidirectional operants may affect the other two. However, they may be independent of each 
other as they may be under different stimulus control and reinforcement functions. At this time, 
there is no existing empirical research that examined the possible relation between these 
bidirectional operants. Thus, population research is warranted to examine the relation between 
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the three bidirectional operants and to examine if bidirectional verbal operants between people 
and bidirectional self-talk precede BiN in preschool children.  
Research Questions for the Experiment 
1. Are there correlations between participants’ age and their demonstration of the three 
bidirectional operants (i.e., the degree of BiN, the number of bidirectional verbal operants 
between people, the number of bidirectional self-talk conversational units)? Are there 
significant differences in the demonstration of the three bidirectional operants emitted by 
participants with different demographic characteristics (i.e., sex, ethnicity, 
diagnosis/classification, Individualized Education Plan status, and English Language 
Learner status)? 
2. Are there correlations between the degrees of BiN, the emission of bidirectional verbal 
operants between people, and the emission of bidirectional self-talk conversational units?  
3. Are there correlations between participants’ emission of vocal or non-vocal verbal 
behaviors, single or multiple topography of verbal behavior, initiations and responses, 
and their degrees of BiN? Are there significant differences in the emission of these verbal 






 The author recruited 30 children (20 male and 10 female) from a school serving over 300 
students. The participants’ ages ranged from 35 to 63 months at the time of recruitment to 
participate in this study (M = 54, SD =6.86). The sample consisted of 22 participants who had an 
Individualized Educational Plan (IEP) and an educational classification as a preschooler with a 
disability or other medical diagnosis. Out of the 22 participants with IEP, 18 students were 
initially classified as preschoolers with disabilities as they demonstrated speech delay. However, 
all these 18 students received one to three years of intensive language instruction and were 
fluently engaging in conversations with adults and peers at the onset of the recruitment. Of the 
30 participants, six participants were English Language Learners as they spoke, or were spoken 
to by the family members, in any language other than English in their home setting. Sixteen 
participants were White, seven participants were Hispanic, four participants were Asian, and 
three participants were African American. See Table 1 for participants’ demographic 
characteristics information. 
All participants attended publicly funded private preschools located in a suburban area 
near a large metropolitan area, which served children with and without disabilities from 18 
months to five years of age. The schools followed the Comprehensive Application of Behavior 
Analysis to Schooling (CABAS®) education model (www.cabasschools.org). This model applies 
empirically validated methods of pedagogy, continuous measurement, curricula and sequence, 
classroom management, and training for staff and parents (Lamm & Greer, 1991). The 
participants were assessed using the CABAS® International Curriculum and Inventory of 
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Repertoires for Children from Preschool through Kindergarten (C-PIRK) (Greer, 2014) and the 
Verbal Behavior Development Assessment-R (VBDA-R) (Greer, 2010). The C-PIRK is the 
primary curriculum utilized in CABAS® schools, which includes a list of short and long-term 
objectives across academic literacy, communication, community of reinforcers, self-management, 
and physical development domains (Greer, 2014). The VBDA-R is the primary assessment used 
in the CABAS® schools to measure language development by assessing verbal behavioral cusps 
across observing, listening, speaking, reading, writing, and social repertoires (Greer, 2010). All 
participants were continuously assessed and taught based on their strengths and weaknesses 
identified in the C-PIRK and the VBDA-R.  
Inclusion criteria. To minimize the influence of possible mediating variables, all 
participants selected for this study had all the cusps and capabilities preceding the speaker-as-
own-listener verbal developmental stage. See Table 2 for a list of cusps and capabilities in the 
participants’ repertoires as assessed and described according to the VBDT (Greer, 2010). In 
addition, as this study measured functional communicative behaviors, the participants selected 











Description of Participants 
Variable N Percent 
Age (in months) 
35 months = 1 
37-48 months = 5 
49-60 months = 20 
61-63 months =  4 
(M = 54.2) 
35 months = 3.3% 
37-48 months = 16.7% 
49-60 months = 66.7% 
61-63 months =  13.3% 
(SD = 6.86) 
Gender 
 
M = 20 M = 66.7% 
F = 10 F = 33.3% 
Ethnicity 
White = 16 White = 53.3% 
African American = 3 African American = 10.0% 
Latino/Hispanic = 7 Latino/Hispanic = 23.3% 
Asian = 4 Asian = 13.3% 
Classification/Diagnosis 
 
Autism = 3 Autism = 10.0 % 
PwD = 19 PwD = 63.3% 
None = 8 None = 26.7% 
English Language Learner 6 23.1% 
Note: Preschooler with a disability (PwD) was an IEP educational classification assigned to 











Definition of Prerequisite Behavioral Cusps and Repertoires 
Behavioral Cusps Definition 
Conditioned reinforcement for 
voices and faces 
Attends to other's voices and faces. 
Conditioned reinforcement for 
3D and 2D stimuli 
Observes 2-dimensional and 3-dimensional objects. 
Generalized imitation 
 
Observes and imitates novel gross motor movements 
presented by the teacher or by peers. 
Basic listener literacy Demonstrates discrimination between vocal instruction by 
responding to simple 1-step directions with fluency. 
Say-do correspondence 
 
Demonstrates correspondence between saying and doing by 
announcing what one will do and following through with the 
announced action. 
Conversational units with 
adults 
Demonstrates the presence of social reinforcement through 
emitting speaker-initiated tacts or listener-initiated 
intraverbals with adults 
Audience control Demonstrates the change in behavior based on different 
audiences (i.e., groups of children or adults) 
 
Setting and Materials 
 The study took place in the participants’ classroom, the school hallway, or in a playroom, 
depending on the availability at the time of the assessment in order to limit visual and auditory 
distracters. During the BiN assessment, the participants sat in a chair across from or next to the 
experimenter, with a table and a camera by them. Materials used during the BiN probe included a 
MacBook used to present assessment stimuli, a camera and a clip-on microphone used for 
recording, and data sheets and pens used for data collection. Tables 3 and 4 depict familiar and 
unfamiliar novel stimuli used for the assessment. 
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 During the bidirectional verbal operants between people probe and bidirectional self-talk 
conversational units probe, the participant(s) played with various toys (i.e., anthropomorphic 
toys, nonanthropomorphic toys, toy buildings and furniture, and games) in the toy area, 
approximately 12 feet by 6 feet  (3.66 m by 1.83 m). During bidirectional verbal operants 
between people probe, two participants played together and had access to any toys in the toy area. 
During bidirectional self-talk conversational units probe, a participant engaged in solitary play 
and only had access to anthropomorphic toys and toy buildings and furniture. For both probes, 
the experimenter placed a camera and an audio recording microphone in the toy area, started the 
video recording, left the room, and monitored the participant(s) through the slightly opened door. 
During both play conditions, no other students than the target participant(s) were in the room. 
See Appendix A and Appendix B for a picture of the toy area and toys used during the 
bidirectional verbal operants between people and bidirectional self-talk probe sessions. See 
Appendix C for a picture of the data collection sheet used to record listener/speaker exchanges 












Sets of Familiar Novel Stimuli used for Bidirectional Naming Probe 
Sets of Cartoon Monster Stimuli 
Set 1 Set 2 





















Note: Several images retrieved from http://www.mycutegraphics.com/graphics/monster-images.html. 










Sets of Unfamiliar Novel Stimuli used for Bidirectional Naming Probe 
Sets of Unknown Stimuli 
Set 1 Set 2 
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Note: Adapted from “Effects of Mastery of Auditory Match-to-Sample Instruction on Echoics, 
Emergence of Advanced Listener Literacy, and Speaker as Own Listener Cusps by Elementary School 
Students with ASD and ADHD,” by J. Choi, 2012, Unpublished doctoral dissertation, p. 55. Copyright 
2012 by J. Choi. 
 
Measures 
 Demographic Characteristics. The participants’ demographic characteristics (age, 
gender, ethnicity, Individualized Education Plan status, English Language Learner status) were 
collected from the participants’ Individualized Education Plan (IEP)  and/or from the school 
administrative documentations originally completed and submitted by their parents at the onset 
of each academic year.  
Bidirectional verbal operants between people. During the bidirectional verbal operants 
between people probe, the author measured the numbers of vocal initiations, non-vocal 
initiations, vocal responses, and non-vocal responses during a 10-min observation in a social free 
play setting. See Table 5 for definitions and examples of different verbal behaviors measured 
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during the bidirectional verbal operants between people probe. These behaviors were initially 
recorded as vocal or non-vocal initiations and responses, which were further analyzed and 
measured as unidirectional sequelics and bidirectional conversational units. 
Social Operants. Both unidirectional sequelics and bidirectional conversational units 
were measures of social reinforcement as the focus of these verbal behaviors were in the analysis 
of the social reinforcement function embedded within the communicative behaviors (Donley & 
Greer, 1993; Greer et al., in press for 2019). However, the author differentiated unidirectional 
sequelic and bidirectional conversational units as listener-initiated social operants (sequelic) and 
speaker-initiated social operants (tacts and CU).  
A unidirectional sequelic, also known as intraverbal mand and tact, occurred when an 
individual responded to the initial speaker’s verbal behavior as a listener-speaker; thus, the 
individual is reinforced only as a listener (Greer & Ross, 2008). As an example, a child 
functioning as the initial listener will listen to the initial speaker’s response (i.e., “I want to be the 
baby”) as she has social reinforcement for the listening component of the conversational unit, so 
she will respond as a listener-speaker (i.e., “But I’m the baby. You’re too big!”) in order to 
contact social reinforcement from the subsequent initial speaker’s response (i.e., “Please. You 
can be the mommy.”). However, if the initial listener does not engage in further verbal exchange, 
then this example depicts a unidirectional relation in the social reinforcement function and will 
be recorded as an occurrence of a sequelic for the initial listener as she was reinforced as a 
listener (demonstrated by her listener-speaker response) but not as a speaker. See Figure 1 for a 
visual representation of vocal sequelics and conversational units.  
A bidirectional conversational unit (CU) occurred when two individuals completed the 
interlocking three-term contingencies by acting as both a speaker and a listener to each other’s 
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verbal behaviors (Baker, 2014; Donley & Greer, 1993; Greer & Ross, 2008; Lodhi & Greer, 
1989; Schmelzkopf et al., 2017; Sterkin, 2012). Thus, a CU included reinforcement for both the 
speaker and the listener within the same verbal episode. As an example, a child functioning as 
the initial speaker will initiate speaker response (i.e., tapping on the listener’s shoulder) to be 
reinforced by her listener. When the initial listener responds (i.e., the initial listener responds by 
waving her hands with a smile), the initial speaker will engage in a listener-speaker response in 
order to be reinforced as a listener. Thus, conversational units involve bidirectional relations in 
the social reinforcement function as an individual is reinforced as a speaker and as a listener 

















Definitions and Examples of Different Verbal Behaviors  
Type Description Examples 
Vocal 
Initiation 
Vocal verbal initiation consists of a speaker 
emitting a tact, mand, textual response, or 
fantasy play in a presence of a listener in a 
form of an audible form with lexical (i.e., 
containing words, phrases, or sentences) or 
without lexical vocalization (i.e., laugh, hmms, 
a cry, or a whimper).  
 
- A child pretends to whimper. 
 
- A child vocally mands to her peer, 
"I want to play with the dolls" 
Non-vocal 
Initiation 
Non-vocal initiation consists of a speaker 
emitting a tact, mand, or fantasy play in a form 
of communicative gestures with no audible 
response.  
 
- A child takes a toy from her peer.   
 
- A child pretends a figurine to wave 
to greet another figurine.  
Vocal 
Response 
Vocal verbal initiation consists of a listener-
speaker emitting an intraverbal mand, 
intraverbal tact, or fantasy play in an audible 
form with lexical vocalizations or without 
lexicon. 
- A child responds, "are you okay?" 
to her peer who is pretending to 
whimper. 
 
- A child says, “here you can play 
with this," in response to her peer's 




Non-vocal initiation consists of a listener-
speaker emitting an intraverbal mand, 
intraverbal tact, or fantasy play in a form of 
communicative gestures with no audible 
response.  
- A child pulls back the toy in 
response to her peer attempting to 
take her toy.  
 
- A child pretends a figurine to hug 
the other figurine in response to the 
greeting. 
 
Note: Adapted from “Vocal and Non-Vocal Verbal Behavior between Mothers and Their Children 
Diagnosed with Autism Spectrum Disorder,” by A. Greer, 2018, Unpublished doctoral dissertation, p. 41. 








Figure 1. A visual representation of a vocal sequelic (intraverbal for mand) emitted by the initial 
listener and a conversational unit (CU) emitted by the initial speaker; Sd = discriminative 






Figure 2. A visual representation of a non-vocal sequelic (intraverbal for mand) emitted by the 
initial listener and a conversational unit (CU) emitted by the initial speaker; Sd = discriminative 
stimulus, MO = motivating operation. 
 
 Additional communicative behaviors. The author also analyzed initial recordings of 
vocal or non-vocal initiations and responses to measure additional communicative behaviors, 
such as (a) single topography verbal behavior, (b) multiple topography verbal behavior, (c) 
missed opportunities and (d) numbers of verbal episodes. Several measures were also calculated 
into percentages to better depict the participants’ use of different topographies within their 
number of verbal behaviors. Table 6 provides definitions of additional communicative behaviors 






Definitions of Additional Communicative Behaviors  
Type Description 
Vocal Verbal Behavior % 
 
Number of vocal verbal behaviors divided by the total number of 






Number of non-vocal verbal behaviors divided by the total 
number of verbal behaviors emitted by the participant during the 
10-min observation 
 
Single topography verbal 
behavior 
 	  
When participants emit initiations or responses using either vocal 




When participants emit initiations or responses using both vocal 
and non-vocal verbal behaviors.  
Single topography verbal 
behavior % 
 	  
Number of single topography verbal behaviors divided by the total 
number of listener/speaker behaviors emitted by the participant 
during the 10-min observation 
 
Multiple topography 
verbal behavior % 
	  
Number of multiple topography verbal behaviors divided by the 
total number of listener/speaker behavior instances emitted by the 
participant during the 10-min observation 
 
Missed opportunities  
 
When the individual (functioning as a listener) emitted no 
observable verbal behavior within the 3s of the most recent 
response. 
 
Number of verbal 
episodes  
A number of exchanges of verbal responses between the 
individuals until a missed opportunity occurred. Multiple numbers 




Bidirectional self-talk. Similar to the bidirectional verbal operants between people probe, 
the author measured the numbers of vocal initiations, non-vocal initiations, vocal responses, and 
non-vocal responses during a 10-min solitary fantasy play setting. The author further analyzed 
these into unidirectional self-talk sequelic and bidirectional self-talk CU. In addition, the author 
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defined additional communicative behaviors in the same manner as the additional 
communicative behaviors emitted during the bidirectional verbal operants between people probe.  
Social Operants. A child can emit a self-talk conversational unit or a self-talk sequelic 
while playing with multiple toys (i.e., two dolls) or while playing with one toy as the child may 
give several directions to the character. A bidirectional self-talk CU was defined as a child taking 
the role of a speaker and a listener by emitting at least one initiation and two reciprocal responses 
with communicative functions or by emitting three responses with communicative functions 
during the self-talk fantasy play. For a self-talk CU to be bidirectional, the individual must be 
reinforced during the speaker and the listener role within the same verbal episode. For example,  
a child will initiate a speaker response (i.e., “Let’s bake a cake!”) to be reinforced by the listener. 
As the listener is absent, the child will take the role of the listener (by altering her voice or by 
manipulating different toy) and will engage in a listener-speaker behavior (i.e., “I love cake! Can 
we make a strawberry cake?”) to be reinforced as a listener by the subsequent speaker behavior 
(i.e., “I love strawberries!”). Thus, scripting or reciting a list was not considered a bidirectional 
self-talk CU even if there was a rotation in the role of a speaker and the listener within the skin 
due to the absence of the social reinforcement function.  
A unidirectional self-talk sequelic was defined as a child taking roles as a speaker and as 
a listener by emitting one initiation and one reciprocal response with communicative functions or 
by emitting two responses with communicative functions. For unidirectional self-talk sequelic, 
only the initial speaker was reinforced. For example, a child will initiate a speaker response (i.e., 
Let’s play!”) to be reinforced by the listener. As the listener is absent, the child will take the role 
of the listener and will engage in a listener-speaker behavior (i.e., “Okay! Let’s play hide-and-
seek!”). However, if the child does not continue the social exchange, the child is only reinforced 
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for the speaker role but not for the listener role as her listener-speaker behavior was not 
reinforced. Thus, this example demonstrates a unidirectional relation in the social reinforcement 
function. See Figure 3 for a visual representation of a self-talk sequelic and conversational unit.  
 
 
Figure 3. A visual presentation of a bidirectional self-talk conversational unit and a 
unidirectional self-talk sequelic. The left panel shows a child emitting a self-talk conversational 
unit while giving several directions to the doll. The right panel shows a child emitting a self-talk 
sequelic while playing with two puppets. 
 
Bidirectional naming. The degrees of BiN with familiar and unfamiliar novel stimuli 
were measured by the number of correct untaught listener and speaker responses emitted by the 
participants following the naming experience (hearing the names of the stimuli while looking at 
the stimuli). Untaught listener responses involved 10 selection responses and untaught speaker 
responses involved 10 tact responses and 10 intraverbal responses. Correct untaught listener 
responses consisted of selecting the named target stimulus when presented with two non-
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exemplars. Correct tact and intraverbal speaker responses consisted of naming the presented 
target stimulus when presented with or without a verbal antecedent, “what is it?” 
Data Collection and Procedure 
 Bidirectional verbal operants between people. During the bidirectional verbal operants 
between people probe, the author collected data using event recording across the emission of 
verbal initiations and responses between participants. The author recorded videos of each 
participant’s probe session, and each recording session lasted a mean of 13 min to ensure that an 
additional 3-min frame was available. If a participant stayed within the recording scene, the 
author used the first 10 min for the data collection. If a participant went out of the recording 
scene (i.e., walking out of the free play setting), the author calculated the missed duration and 
watched the additional duration of the video to ensure that each participant was observed for 
exactly 10 min (i.e., if the participant was out of frame for 32s, the author watched the video up 
to 10:32).   
 The author used verbal operant data sheets to facilitate the recording process and to 
further analyze the verbal interaction between the participants (see Appendix C). The data sheets 
consisted of rows of boxes that alternated between Participant 1 (P1) and Participant 2 (P2) 
response opportunities. Each box included verbal behavior codes for vocal initiation (VI), non-
vocal initiation (NI), vocal response (VR), and non-vocal response (NR) to represent the 
topographies of verbal behavior emitted by the participants within each instance of speaker or 
listener response. The author recorded social interaction by circling all verbal behaviors emitted 
by the participants. For example, if Participant 1 emitted a vocal initiation (i.e., “Hey!”) along 
with a non-vocal initiation (i.e., waving his hands), the author circled VI and NI in the P1 box 
respectively. If Participant 2 emitted a non-vocal initiation (i.e., giving a hug), the author wrote 
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an X on the initial P1 box and started recording in the P2 box. Moreover, the rows on the data 
sheets represented the participants’ interaction within a verbal episode. A verbal episode was 
defined as continuous “exchanges of verbal responses between [the participants] until a missed 
opportunity occurred” (Briggs-Greer, 2018, p.51). At the onset of the verbal episode, the author 
recorded the start time located on the video screen and recorded the verbal behaviors of the 
participants. Following the occurrence of a missed opportunity (i.e., no response within the 3 s 
interresponse time following the last verbal behavior), the author recorded the end time located 
on the video screen. A verbal episode may have contained multiple rows of verbal responses 
dependent on the occurrence of the missed opportunity. When a new verbal episode occurred, the 
author recorded the start time on a new row and continued to record the verbal responses. The 
author recorded the number of missed opportunities and numbers of verbal episodes for 
additional communicative behavior measures. See Appendix C for an example of the data sheet 
and Appendix D for a completed data sheet. Following the completion of the observation and the 
data sheet, the author further analyzed the verbal responses to measure social operants and 
additional communicative behaviors.  
 Social operants. The author recorded a sequelic when two boxes were filled out in a 
verbal episode. For example, a sequelic was recorded for P1 when P1 responded to P2’s 
initiation. In a similar manner, the author recorded a CU when at least three boxes were filled out 
in a verbal episode. For example, a conversational unit was recorded for P2 when P2 initiated a 
response, P1 responded, and P2 responded to P1’s response. Depending on the duration of the 
verbal episode, each verbal episode may have multiple sequelics and conversational units for 
each participant. 
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 Additional communicative behaviors. In addition to the social operants, the author 
further analyzed the completed data sheet to measure additional communicative behaviors. The 
author recorded instances of vocal verbal behaviors, non-vocal verbal behaviors, missed 
opportunities, initiations, responses, and numbers of verbal episodes as described previously. 
The author also recorded an instance of a single topography verbal behavior for each box with 
only one form (vocal or non-vocal) of verbal behavior. For example, if the participant only 
emitted vocal or non-vocal initiation or response, the author recorded an instance of a single 
topography verbal behavior, as the datasheet will only contain a mark for one of the following: 
VI, NI, VR, or NR. The author recorded an instance of multiple topography verbal behavior for 
each box with both forms (vocal or non-vocal) of verbal behavior. For example, if the participant 
emitted a mand while physically grabbing the manded toy from the peer’s hands, the author 
recorded an instance of multiple topography verbal behavior as the data sheet will contain marks 
for both VI/NI or VR/NR. 
  Bidirectional self-talk conversational unit. The data collection procedure for the 
bidirectional self-talk conversational unit was similar to the data collection procedure used for 
the bidirectional verbal operants between people probe. The author measured vocal and non-
vocal verbal behaviors and additional communicative behaviors using the same data collection 
methods. However, unlike the data collection procedure used to measure unidirectional sequelics 
and bidirectional conversational units between people, the author recorded a self-talk sequelic 
when two consecutive boxes were filled out within a verbal episode (i.e., one initiation as a 
speaker and one response as a listener) and a self-talk CU when three consecutive boxes were 
filled out within a verbal episode (i.e., three responses as a speaker and a listener; one initiation 
as a speaker and two responses as a listener-speaker). In addition, to facilitate the data collection 
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procedure, the author transcribed the videos in detail. The video transcription included the 
participant’s vocal and non-vocal verbal initiations and responses along with their play actions. 
The author and other independent observers did not use the video transcription during the data 
collection procedure but used it when the author and the other independent observers reconvened 
to review the interobserver agreement (IOA). See Appendix E for a complete data sheet 
containing examples of each verbal behavior for the bidirectional self-talk conversational unit 
probe and Appendix F for an example of the video transcription. 
The major differences were in the identification of the rotating roles as a speaker and a 
listener during the self-talk fantasy play. Thus, unlike the data sheet used to record bidirectional 
verbal operants between people, the data sheet used to record bidirectional self-talk included 
boxes for the speaker (S) and the listener (L). The author identified the alternation between the 
participant’s role as a speaker and a listener when engaging in fantasy self-talk play by the 
change in the tone of voice, the manipulation of different toys, and on the slight temporal delay 
(i.e., less than 3s) between the command and the action. For example, when the participant said, 
“go upstairs,” while the figurine walked up the stairs, the author recorded a VI for tact as the 
participant only functioned as the speaker by tacting the actions. However, when the participant 
initiated play behavior and said, “go upstairs,” and then, the figurine started to walk up the stairs, 
the author recorded a VI for the speaker box (i.e., “go upstairs”) and a NR (i.e., the figurine 
starting to walk up the stairs) for the listener box as the author alternated between the role of a 
speaker (i.e., giving the command) and a listener (i.e., following the command) through a say-do 
correspondence. When the participant emitted multiple initiations and responses while rotating 
the role of the speaker and the listener, the author recorded multiple S and L boxes depending on 
the number of rotations. When the participant emitted multiple initiations but no responses, the 
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author only recorded the initial S box as they were considered a continuation of the initiation in 
the absence of a listener.    
The author did not record initiations if there was no listener. For example, a child 
opening the door was not recorded as an initiation without a character playing the role of a 
listener. However, a child opening the door while pretending that the figurine was returning 
home was recorded as an initiation (opening the door) as there was evidence of a listener 
(figurine). In addition, the author did not record responses if there was an absence of 
communicative function. For example, a child continuously crashing the cars together was not 
recorded as an initiation or a response as there was neither a communicative function nor a 
rotation between the speaker and the listener. Lastly, the author did not record responses if there 
was an absence of social reinforcement. For example, a child singing the theme song from 
Sesame Streets while playing with Elmo was not recorded as an initiation or a response as the 
function of the behavior was automatic reinforcement rather than social reinforcement.  
Bidirectional Naming.  
Naming experience. Prior to the study, the experimenter identified and created sets of 
familiar (i.e., cartoon characters) and unfamiliar (i.e., Korean symbols) novel stimuli, which 
consisted of five novel stimuli in each unfamiliar set and familiar set. During this assessment, the 
experimenter and the participant sat next to each other while the experimenter presented a 
naming experience. A naming experience simulates an experience in which typically developing 
children learn language incidentally by listening to the name of the stimulus while observing it. 
Thus, to simulate similar experiences and to ensure observing responses, the author presented a 
picture of a target stimulus while saying the name and reinforced participant’s matching 
repertoire (i.e., “match Nene with Nene”). The author presented 20-trial consequated Naming 
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experience sessions using one of the familiar or unfamiliar novel sets until the participant 
performed with 90% accuracy across two consecutive sessions or with 100% accuracy in a single 
session. The author recorded a plus (+) for a correct response and a minus (-) for an incorrect 
response. In addition, the author delivered praise immediately following the correct response and 
correction procedure immediately following the incorrect response. The correction procedure 
consisted of (a) re-presentation of the antecedent (i.e., “match Nene with Nene”), (b) the teacher 
model of correct responding, (c) re-presentation of the antecedent, and (d) the participant’s 
independent response.  
Bidirectional naming. Once the participant performed at a mastery level, the author 
waited for two hours before conducting 10 unconsequated trials for untaught responses (point-to, 
tact, and intraverbal responses) to assess the participant’s degree of BiN. When assessing UniN 
(i.e., the listener component of BiN), the experimenter assessed 10 untaught point responses. 
During each response, the author presented the pictures in a field of three (one target and two 
non-target pictures) and asked the participant to point to the named stimuli (i.e., “point to Nene”). 
When assessing BiN (i.e., the speaker component of BiN), the experimenter assessed 10 
untaught tact and intraverbal responses. During the tact and intraverbal sessions, the author 
presented the target picture with no additional antecedent and/or asked the participant to name it 
(i.e., “what is this called?”). The participant’s correct responses were recorded with pluses (+) 
and incorrect responses were recorded with minuses (-). However, the participant did not receive 
any feedback during the unconsequated session. See Appendix G for a complete data sheet used 
to record the participant’s degree of BiN for familiar and unfamiliar stimuli. See Appendix H for 




 The author obtained the interobserver agreement (IOA) with a second observer who 
independently and simultaneously recorded data on participants’ responses during BiN probes 
and participants’ listener and speaker responses during bidirectional verbal operants between 
people and bidirectional self-talk probe sessions. Prior to the second observer collecting IOA, the 
author and the second observer simultaneously watched preliminary videos containing exemplars 
of each behavior to become calibrated for the data collection procedures. Due to the extensive 
training required to be calibrated for data collection procedure for the bidirectional verbal 
operant between people and the bidirectional self-talk probe, only one second observer collected 
data. The second observer held a doctorate degree in Applied Behavior Analysis and was a 
program supervisor in a CABAS® accredited school. For BiN probes, multiple second observers 
collected IOA on participants’ correct responses. All second observers were trained classroom 
teachers and teaching assistants in a CABAS® accredited school.  
IOA was collected for 45% of the BiN probe sessions, 33.3% of the bidirectional verbal 
operants between people probe sessions, and 30% of the bidirectional self-talk conversational 
unit probe sessions. Once both the author and the second observer finished collecting data, the 
author obtained point-to-point IOA for each target behavior by dividing the number of 
agreements by the total number of agreements and disagreements, and multiplying the quotient 
by 100 (Cooper, Heron, & Heward, 2007). The author obtained a 100% agreement for the BiN 
probe sessions. Following the completion of IOA collection for bidirectional verbal operants 
between people and bidirectional self-talk probe videos, the author and the second observer 
reconvened to ensure that “disagreements” were, in fact, true disagreements rather than missed 
opportunities (Briggs-Greer, 2018). During this time, the experimenter and the second observer 
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referred to the self-talk transcript, if necessary. Refer to Table 7 and Table 8 for the mean 
percentage of point-to-point IOA collected during bidirectional verbal operants between people 
probe and bidirectional self-talk probe.   
Table 7 
Point-to-Point IOA Collected during the Bidirectional Verbal Operant between People Probe  
Verbal Behaviors Mean % of Agreements Range of Agreement 
Conversational Units 99.1% 96.8% - 100% 
Sequelics 100% 100% 
Vocal Initiations 98% 80% - 100% 
Non-Vocal Initiations 94.2% 66.7% - 100% 
Vocal Responses 95.5% 87.9% - 100% 
Non-Vocal Responses 83.2% 50%* - 100% 
Single Topography Verbal Behavior 87.7% 73.3% - 94.7% 
Multiple topography Verbal Behavior 75.6% 50%* - 91.7% 
Missed Opportunities  86.1% 50%* - 100% 
Number of Verbal Episodes  100% 100% 
Note: *Indicate low interobserver agreement due to the low number of corresponding verbal 









Point-to-Point IOA Collected during the Bidirectional Self-Talk Conversational Units Probe  
Verbal Behaviors Mean % of Agreements Range of Agreement 
Conversational Units 100% 100% 
Sequelics 97.2% 75% - 100% 
Vocal Initiations 98.4% 85.7% - 100% 
Non-Vocal Initiations 87.0% 50%* - 100% 
Vocal Responses 96.5% 80% - 100% 
Non-Vocal Responses 97.2% 75% - 100% 
Single Topography Verbal Behavior 97.3% 88.7% - 100% 
Multiple topography Verbal Behavior 79.2% 50%* - 100% 
Missed Opportunities  97.6% 85.7% - 100% 
Number of Verbal Episodes  99.3% 93.3% - 100% 
Note: *Indicate low interobserver agreement due to the low number of corresponding verbal 










Participant Demographic Characteristics and Bidirectional Operants 
The first research question tested for the correlation and significant differences between 
the participants’ demonstration of the three bidirectional operants (i.e., the degrees of BiN, the 
numbers of bidirectional verbal operants between people, and the numbers of bidirectional self-
talk conversational units) and their demographic characteristics (i.e., age, sex, ethnicity, 
diagnosis/classification, English Language Learner status, IEP status). Pearson’s product-
moment correlation coefficient and Spearman’s rank-order correlation with Bonferroni corrected 
p-value (p-value = .01) were conducted to minimize inflated Type 1 error. The results indicated 
no significant correlation between the participants’ age and their performances on the three 
bidirectional operants. An independent t-test comparison and one-way Analysis of Variance 
(ANOVA) did not yield any significant differences on the participants’ demonstration of the 
three bidirectional operants based on their sex, English Language Learner status, ethnicity, IEP 
status, and diagnosis/classification status. Thus, these findings suggest that demographic 
characteristics were independent of their’ performances on bidirectional operants, as measured in 
this study.  
Correlation between the Three Bidirectional Operants 
The second research question tested for the correlation between the three bidirectional 
operants. As all three bidirectional operants required the joining of the complex listener and 
speaker repertoires, the author hypothesized that there will be significant positive correlations 
between the three bidirectional operants despite their different reinforcement functions and 
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stimulus control. According to the initial normality testing of skewness, the author found non-
normal distributions, as indicated by the z > 1.96, for UniN with familiar stimuli, z = 3.81; 
unidirectional verbal operants between people, z = 2.2; unidirectional self-talk, z = 3.70; and 
bidirectional self-talk, z = 3.00 (Cramer & Howitt, 2004). Thus, for these measures, the author 
ranked the participants’ scores in each measure from the highest to the lowest (the participant 
with the lowest rank had the highest score in the corresponding measure). Following this, the 
author conducted a Pearson’s product-moment correlation, Spearman’s nonparametric rank-order 
correlation analyses, dependent t-test, and Wilcoxon ranked-sum (R-S) test to test for the 
correlation or the significant difference between the three bidirectional operants as well as their 
corresponding unidirectional operants.  
Components of Bidirectional Naming. As the author measured four components of BiN 
(i.e., UniN with familiar and unfamiliar novel stimuli, BiN with familiar and unfamiliar novel 
stimuli), the author conducted Pearson’s and Spearman’s correlation analyses to ensure all four 
components of BiN were dependent measures. Spearman’s nonparametric rank-order correlation 
indicated moderately significant negative correlations between different components of BiN 
across stimuli; UniN rank with familiar stimuli and BiN with familiar stimuli, rs(28) = -.528, p 
=.003; UniN rank with familiar stimuli and UniN with unfamiliar stimuli, rs (28) = -.700, p<.001; 
UniN rank with familiar stimuli and BiN with unfamiliar stimuli, rs (28) = -.584, p=.001. Pearson 
product-moment correlation coefficient found moderately to strongly significant positive 
correlations between UniN with unfamiliar stimuli and BiN with familiar stimuli, r(28) = .524, 
p=.003; UniN and BiN with unfamiliar stimuli, r(28) = .707, p<.001; and, BiN with familiar and 
unfamiliar stimuli, r(28) = .732, p<.01. Thus, these findings indicated that participants who 
scored higher in one component of the BiN assessment also scored higher in all the other 
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components of the BiN, regardless of the stimuli. See Table 9 for descriptive statistics on the 
different components of BiN and Table 10 for a summary of correlations between the 
components of BiN. Figure 4 displays a matrix scatterplot representation of the correlation 
between different components of BiN.  
Table 9 
Descriptive Statistics on the Different Components of Bidirectional Naming 








Mean 86.33 59.33 76.00 44.67 
Standard 
Deviation 18.29 29.12 20.27 31.40 
 
Table 10 
A Summary of Correlations between the Components of Bidirectional Naming 
Variables 1 2 3 4 
1. UniN Rank with Familiar Stimuli  -    
2. BiN with Familiar Stimuli -.528* -   
3. UniN with Unfamiliar Stimuli -.700** .524* -  
4. BiN with Unfamiliar Stimuli -.584* .732** .707** - 
Note. Bonferroni corrected significance levels: *p<.01, **p<.001, n=30; BiN = Bidirectional 
Naming; UniN = Unidirectional Naming; UniN rank = Unidirectional Naming rank with lowest 










Figure 4. A visual representation of the significant correlations between different components of 
Bidirectional Naming. Fam = Familiar novel stimuli; Unfam = Unfamiliar novel stimuli; BiN = 
Bidirectional Naming; UniN = Unidirectional Naming 
 
 Bidirectional Naming and bidirectional verbal operants between people. The author 
found a moderately significant positive correlation between the participants’ degree of BiN with 
unfamiliar novel stimuli and the number of bidirectional verbal operants between people, r(28) 
= .482, p=.007. Thus, this indicated that participants with more extensive speaker repertoires (as 
demonstrated by their higher degree of BiN with unfamiliar stimuli) emitted more conversational 
units with others, which was also evident by the moderately significant negative correlation 
between the degrees of BiN with unfamiliar stimuli and missed opportunities, r(28) = -.498, 
p=.005. This may indicate that learning to say the names of new unfamiliar objects may share 
similar social reinforcement as engaging in conversational units with others; whereas, learning to 






   
   
   







   
   






UniN.Fam              BiN.Fam             UniN.Unfam 
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Moreover, the results did not find a significant correlation between unidirectional verbal operants 
rank (lowest rank being the highest score) and bidirectional verbal operants between people, 
rs(28) = .309, p=.097. This result may be due to the low mean of unidirectional verbal operants 
and the presence of audience control demonstrated by the participants as according to the 
inclusion criterion. See Table 11 for descriptive statistics of unidirectional and bidirectional 
verbal operants between people. See Table 12 for a summary of correlations between 
components of BiN and unidirectional and bidirectional operants. Figure 5 shows a visual 
display of the participants’ number of bidirectional operants between people, as related to their 
degrees of BiN with unfamiliar novel stimuli. Figure 6 shows a visual display of the participant’s 
number of missed opportunities, as related to their degrees of BiN with unfamiliar novel stimuli. 
Table 11 
A Summary of Descriptive Statistics of Unidirectional and Bidirectional Verbal Operants 
between People  










Mean .730 39.20 4.30 7.50 
Standard 










A Summary of Correlations between the Components of Bidirectional Naming, Unidirectional 











Verbal Episodes  
1. UniN rank with 
Familiar Stimuli  
-.133 -.260 .235 .125 
2. BiN with 
Familiar Stimuli 
.129 .186 -.422 -.411 
3. UniN with 
Unfamiliar Stimuli 
.230 .327 -.220 .005 
4. BiN with 
Unfamiliar Stimuli 
.362 .482* -.498* -.409 
Note. Bonferroni corrected significance levels: *p<.01, n=30; BiN = Bidirectional Naming; 
UniN = Unidirectional Naming; UniN rank = Unidirectional Naming rank with lowest rank 




Figure 5. The participants’ number of bidirectional operants between people, as related to their 









































Figure 6. The participants’ number of missed opportunities during the between-people condition, 
as related to their degree of Bidirectional Naming (BiN) with unfamiliar novel stimuli. 
 
Bidirectional Naming and bidirectional self-talk. Further correlational analyses tested 
for possible correlations between the components of BiN, unidirectional self-talk sequelic ranks, 
and bidirectional self-talk conversational unit ranks. The author conducted a Spearman’s 
correlation, and the results did not yield any significant correlation between the components of 
BiN, the unidirectional self-talk ranks, and the bidirectional self-talk ranks. These findings 
indicated that participants’ emission of unidirectional and bidirectional self-talk was independent 
of their degrees of BiN. In addition, the results also indicated that the unidirectional self-talk was 
independent of the bidirectional self-talk. See Table 13 for a summary of descriptive statistics of 






















































A Summary of Descriptive Statistics of Unidirectional and Bidirectional Self-Talk 




Mean 1.77 16.80 
Standard Deviation 2.11 20.92 
 
 Bidirectional verbal operants between people and bidirectional self-talk. The author 
conducted a Spearman’s correlation analysis, and the results indicated a moderately significant 
negative correlation between the unidirectional verbal operants between people ranks and the 
bidirectional self-talk conversational unit ranks, rs(28) = -.504, p=.004. This finding suggested 
that the participants who emitted higher numbers of self-talk conversational units emitted fewer 
numbers of unidirectional verbal operants between people. However, this finding may be 
inconclusive due to the limited distribution of the samples as only 16 out of 30 participants 
emitted unidirectional verbal operants between people (M = .730, R: 0-3). Table 14 provides a 
summary of correlations between unidirectional and bidirectional verbal operants between 
people and unidirectional and bidirectional self-talk. See Figure 7 for a visual display of the 
emission of bidirectional self-talk conversational units, as related to the unidirectional verbal 
operants between people.  
The author conducted a Wilcoxon S-R nonparametric test to further test for the possible 
significant differences in the percentage of unidirectional and bidirectional operants across the 
between-people and the self-talk conditions. A Wilcoxon S-R test results indicated that the 
participants emitted significantly higher numbers of bidirectional verbal operants during the 
between-people condition, Mdn = 39, than during the self-talk condition, Mdn = 5, Z = -3.796, p 
< .001. See Table 15 for a summary of descriptive statistics and Table 16 for a summary of the 
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Wilcoxon S-R test paired differences for unidirectional and bidirectional verbal operants during 
the between-people and the self-talk conditions. Figure 8 provides a visual display of the number 
of unidirectional and bidirectional verbal behaviors emitted by the participants during the 
between-people and the self-talk conditions. 
In conclusion, the general findings for the second research question indicated (1) BiN 
with unfamiliar novel stimuli and bidirectional verbal operants are dependent speaker-as-own-
listener cusps, (2) BiN and bidirectional self-talk are independent speaker-as-own-listener cusps, 
and (3) unidirectional verbal operants between people and bidirectional self-talk may be 
interdependent but the results are inconclusive.  
Table 14 
A Summary of Correlations between Unidirectional and Bidirectional Verbal Operants between 
People and Unidirectional and Bidirectional Self-Talk 
Variables 1 2 3 4 
1. Unidirectional Verbal Operants Between People Rank -    
2. Bidirectional Verbal Operants Between People -.309 -   
3. Unidirectional Self-Talk Sequelic Rank .009 -.113 -  
4. Bidirectional Self-Talk Conversational Units Rank -.504* -.194 .301 - 












A Summary of Non-Parametric Descriptive Statistics for Unidirectional and Bidirectional Verbal 
Operants emitted across the Between-People and Self-Talk Conditions.  
Variables Mean Standard Deviation Minimum Maximum 
Unidirectional Self-Talk 
Sequelic 
1.77 2.112 0 9 
Bidirectional Self-Talk 
Conversational Units 
16.80 20.92 0 74 
Unidirectional Verbal Operants 
Between People 
.730 .828 0 3 
Bidirectional Verbal Operants 
Between People 
39.20 17.40 8 75 
 
Table 16 
Wilcoxon Signed-Ranks Test Paired Differences between the Unidirectional and Bidirectional 
Verbal Operants emitted across the Between-People and the Self-Talk Conditions. 





Z Asymp. Sig.  
(2-tailed) 
Unidirectional VO – 
Unidirectional ST 
Negative Ranks 16a 12.31 197 -2.31g .021 
Positive Ranks 6b 9.33 56.0   
Ties 8c     
Total 30     
Bidirectional VO – 
Bidirectional ST 
Negative Ranks 6d 8.00 48.0 -3.80h .000 
Positive Ranks 24e 17.38 417   
Ties 0f     
Total 30     
Note: ST = Self-Talk condition; VO = Between-people condition. 
aUnidirectional VO < Unidirectional ST; bUnidirectional VO > Unidirectional ST; 
cUnidirectional VO = Unidirectional ST; dBidirectional VO < Bidirectional ST; eBidirectional 




Number of Unidirectional Verbal Operants between People 
Figure 7. The correlation between the number of bidirectional self-talk conversational units, as 





Figure 8. The participants’ numbers of unidirectional and bidirectional verbal operants emitted 
during the between-people and self-talk conditions. CU = bidirectional conversational units; S = 









































Bidirectional Naming and Additional Communicative Behaviors 
 The third research question examined the correlations between the participants’ emission 
of vocal or non-vocal verbal behaviors, single or multiple topographies verbal behaviors, 
initiations, responses, and their degrees of BiN. The purpose of this question was to examine if 
participants’ degrees of BiN were related to their topography of verbal behavior and to their 
listener-initiated or speaker-initiated social measures. Thus, the author used parametric testing 
for the following measures: (a) vocal verbal behaviors emitted during the between-people 
condition, (b) vocal verbal behaviors emitted during the self-talk condition, (c) single and 
multiple topography verbal behavior emitted during the between-people condition, (d) single 
topography verbal behavior emitted during the self-talk condition, (e) and responses emitted 
during the between-people condition. For other measures, the author used nonparametric testing 
as these measures demonstrated non-normal distribution.  
 Vocal and non-vocal verbal behaviors. The author conducted a Pearson correlation and 
found a moderately significant positive correlation between BiN with unfamiliar novel stimuli 
and the vocal verbal behaviors emitted during the between-people condition, r(28) = .491, 
p=.006. A Spearman correlation yielded a moderately significant negative correlation between 
vocal verbal behaviors and non-vocal verbal behaviors rank emitted during the between-people 
condition, rs(28) = -.555, p = .001. Moreover, the author found a strongly significant positive 
correlation between bidirectional verbal operants between people and vocal verbal behaviors 
emitted during the between-people condition, r(28) = .879, p < .001, and a moderately significant 
negative correlation with non-vocal verbal behaviors emitted during the between-people 
condition ranks, rs(28) = -.650, p < .001. These results suggested that the participants’ numbers 
of vocal verbal behaviors strongly predicted participants’ numbers of non-vocal verbal behaviors 
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emitted during the between-people condition and that participants who emitted higher numbers 
of vocal verbal behaviors during the between-people condition also demonstrated more advanced 
speaker repertoires. Table 17 provides a summary of correlations between components of BiN, 
bidirectional verbal operants between people, bidirectional self-talk, and vocal and non-vocal 
verbal behaviors. Figure 9 displays a visual representation of the significant correlations between 
BiN with unfamiliar novel stimuli, bidirectional verbal operants, vocal verbal behaviors, and 
non-vocal verbal behaviors emitted during the between-people condition. 
Table 17 
A Summary of Correlations between Vocal and Non-Vocal Verbal Behaviors 
Variables 1 2 3 4 5 6 7 
1. BiN with Unfamiliar Stimuli -       
2. Bidirectional Verbal Operants 
between People 
.482* -      
3. Vocal VB between People .491* .879** -     
4. Non-Vocal VB between People 
Rank 
-.345 -.625** -.555* -    
5. Bidirectional Self-Talk Rank -.162 -.194 -.252 -.193 -   
6. Vocal VB Self-Talk .169 .258 .255 .216 -.942** -  
7. Non-Vocal VB Self-Talk Rank -.142 -.246 -.306 -.217 .934** -.930** - 
Note. Bonferroni corrected significance levels: *p<.01, **p<.001, n=30; BiN = Bidirectional 




Figure 9. A visual representation of the significant correlations between Bidirectional Naming 
with unfamiliar novel stimuli, bidirectional verbal operants, vocal verbal behaviors, and non-
vocal verbal behaviors emitted during the between-people condition. BiN = Bidirectional 
Naming;VO = Between-people condition; Rank = Lowest rank being the highest score. 
 
Similar results were found for bidirectional self-talk conversational units. The author 
found strongly significant negative and positive correlations between bidirectional self-talk 
conversational units rank and vocal verbal behaviors emitted during the self-talk condition, rs(28) 
= -.942, p < .001, and non-vocal verbal behaviors emitted during the self-talk condition, rs(28) 
= .934, p < .001. Moreover, the results indicated a strongly significant negative correlation 
between vocal verbal behaviors and non-vocal verbal behaviors rank emitted during the self-talk 
condition, rs(28) = -.930, p < .001. However, the results did not find a significant correlation 
between components of BiN, vocal verbal behaviors, and non-vocal verbal behaviors emitted 
during the self-talk condition. These findings indicated that participants who emitted more 
bidirectional self-talk conversational units had more opportunities to engage in vocal or non-









   






   
   
   
   







vocal verbal behaviors in which the participants’ numbers of vocal verbal behaviors strongly 
predicted their numbers of non-vocal verbal behaviors, regardless of their speaker repertoires. 
Figure 10 provides a visual presentation of the significant correlations found between the 
bidirectional self-talk rank, vocal verbal behaviors, and non-vocal verbal behaviors rank emitted 
during the self-talk condition.  
As the author did not found any significant correlation between the vocal and non-vocal 
verbal behaviors emitted during the between-people and the self-talk conditions, the author 
further tested for significant differences between the percentages of vocal and non-vocal verbal 
behaviors emitted across the two conditions. The Wilcoxon S-R test results yielded no significant 
difference. Thus, the findings suggested that participants emitted vocal and non-vocal verbal 
behaviors regardless of the audience conditions. Figure 11 provides a visual representation of the 
percentage of vocal and non-vocal verbal behaviors emitted by the participants during the 




Figure 10. A visual representation of the significant correlations between the bidirectional self-
talk rank, vocal verbal behaviors, and non-vocal verbal behaviors ranks emitted during the self-




Figure 11. The percentages of vocal and non-vocal verbal behaviors emitted by the participants 
during the between-people and self-talk conditions. VO = Between-people condition; ST = Self-
talk condition. 
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Single topography and multiple topography verbal behaviors. The author conducted 
Pearson’s and Spearman’s correlations, and the data analyses indicated no significant correlation 
between the components of BiN, single topography, and multiple topography verbal behaviors 
emitted by the participants during the between-people and the self-talk conditions. These 
findings suggested that the topographies of verbal behaviors emitted by the participants during 
both conditions were independent of their listener and speaker repertoires. However, Spearman 
correlation analysis found a strongly significant negative correlation between the number of 
single topography verbal behavior and multiple topography verbal behavior ranks emitted during 
the self-talk condition, rs(28)=-.870, p<.001; whereas there was no significant correlation 
between the single topography verbal behavior and multiple topography verbal behavior emitted 
during the between-people condition, r(28)=.424, p=.020. Thus, the emission of multiple 
topography verbal behaviors strongly predicted the emission of single topography verbal 
behaviors only during the self-talk condition. Table 21 provides a summary of correlations 
between the components of BiN and the topographies of verbal behaviors emitted during the 
between-people and the self-talk conditions. Figure 12 displays a visual representation of the 
participants’ emission of single topography verbal behaviors, as related to their multiple 
topography verbal behaviors ranks during the self-talk condition.  
The author conducted a dependent t-test test to test for a significant difference in the use 
of single and multiple topographies verbal behaviors across the two conditions. The results did 
not yield any significant difference between the two measures. Thus, the findings suggested that 
participants emitted single topography or multiple topography verbal behaviors, regardless of 
their audience conditions. Table 18 and Table 19 provide a summary of paired sample statistics 
and a summary of dependent t-test paired differences. Figure 13 displays the numbers of single 
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and multiple topography verbal behaviors emitted during the between-people and self-talk 
conditions. 
Table 18 
A Summary of Correlations Single and Multiple Topography Verbal Behaviors across conditions 
Variables 1 2 3 4 
1. Single Topography VB Between People  -    
2. Multiple Topography VB Between People .424 -   
3. Single Topography Self-Talk VB .341 -.050 -  
4. Multiple Topography Self-Talk VB Rank -.418 .133 -.870** - 
Note. Bonferroni corrected significance levels: **p<.001, n=30. VB = Verbal Behavior; rank = 
ranking with one being the highest scorer. 
 
Table 19 
A Summary of Dependent T-Test for Vocal Verbal Behaviors across conditions 










Pair 1 Single Topography 
Between People % 
68.10 12.13 
.956 21.69 .216 .831  Single Topography 
Self-Talk % 67.15 14.11 
Pair 2 Multiple Topography 
Between People % 31.89 12.13 -.956 21.69 -.216 .831 
 Multiple Topography 






Multiple Topography Self-Talk Rank 
 
Figure 12. The correlation between the ranking of the multiple topography verbal behaviors (one 
being the participant with the highest amount of multiple topography verbal behavior) and the 
number of single topography verbal behaviors emitted during the self-talk condition.  
 
 
Figure 13. The percentages of single and multiple topography verbal behaviors emitted by the 
participants during the between-people condition and self-talk condition. ST = Self-talk 





















Initiations and responses. The author conducted Pearson and Spearman correlation 
analyses to test for the relations between the degrees of BiN, the number of initiations (rank), and 
the number of responses emitted during the between-people condition. The findings indicated no 
significant correlation between the number of initiations (speaker-initiated social operants), 
number of responses (listener-initiated social operants), and the components of BiN. Thus, the 
results indicated that the participants initiated or responded during the between-people condition 
regardless of their degrees of BiN. Moreover, this also suggested that speaker-initiated responses 
and listener-initiated responses were independent. Table 20 provides a summary of descriptive 
statistics of initiations and responses emitted during the between-people condition.  
Table 20 
A Summary of Descriptive Statistics of Initiations and Responses 
 Initiations Responses 
Mean 4.10 41.60 
Standard Deviation 3.37 17.16 
 
General Summary of Findings 
 The analyses of data showed that (1) the participants’ demographic characteristics were 
independent of their demonstrations of the three bidirectional operants, (2) BiN with unfamiliar 
novel stimuli was related to the participants’ emission of the bidirectional verbal operants 
between people, (3) the components of BiN and the bidirectional self-talk conversational units 
were independent but the results are inconclusive, (4) the unidirectional verbal operants between 
people were related to the bidirectional self-talk conversational units, and (5) the participants’ 
additional communicative verbal behaviors (i.e., vocal and non-vocal verbal behaviors, single 
and multiple topographies verbal behaviors, initiations, and responses) were independent of their 





The rationale for conducting the current study on the three bidirectional operants emitted 
by the preschool children with and without disabilities was to add to the existing literature on the 
speaker-as-own-listener cusps by examining the possible relation between the degrees of BiN, 
bidirectional verbal operants between people, and bidirectional self-talk conversational units. As 
the onset of these bidirectional operants marks the initial joining of the listener and the speaker 
repertoires, which accounts for the acquisition of higher-order operants that makes us “fully 
verbal”, it is crucial to examine if the three bidirectional operants share similar social 
reinforcement functions (Greer & Du, 2015). Thus, the following are the research questions for 
the experiment: Are there correlations or significant differences between participants’ 
demonstration of the three bidirectional operants and their demographic characteristics? Are 
there correlations between the degrees of BiN, the emission of bidirectional verbal operants 
between people, and the emission of bidirectional self-talk conversational units? Are there 
correlations between participants’ emission of vocal or non-vocal verbal behaviors, single or 
multiple topographies of verbal behavior, initiations and responses, and their degrees of BiN? 
Are there significant differences in the emission of these verbal behaviors during the between- 
people condition and during the self-talk condition? 
Participant Demographic Characteristics and Bidirectional Operants 
 The analyses of the data showed no significant relationship between participants’ age and 
their demonstration of the three bidirectional operants. In addition, the results did not indicate 
significant differences in the demonstration of the three bidirectional operants emitted by the 
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participants’ based on their demographic characteristics (i.e., sex, ethnicity, 
diagnosis/classification, English Language Learner status, and IEP status). This indicated that the 
participants’ age and demographic characteristics did not predict their degrees of BiN, the 
numbers of bidirectional verbal operants between people, and the numbers of bidirectional self-
talk conversational units. Thus, the results can be interpreted that the acquisition of the 
bidirectional operants, as measured in this study, is not dependent on individuals’ biological, 
cultural, and educational factors but may be dependent on other environmental factors and 
individuals’ histories. These findings further support Greer and Du (2015), Greer et al. (in press 
for 2019), and Longano and Greer (2014) stating social reinforcement and observing responses 
for auditory and visual stimuli function as the possible sources of bidirectional operants.  
Correlation between the Three Bidirectional Operants 
 The relations and differences between the three bidirectional operants were also 
compared in the current study. The overall findings suggested that the three bidirectional 
operants may be interdependent, which is similar to the findings as suggested by Farrell (2017). 
However, the results revealed that not all bidirectional operants were related in a bidirectional 
manner. Some of the bidirectional operants were correlated to unidirectional operants, which 
may suggest different stimulus control and different forms of social reinforcement (i.e., listener-
initiated and speaker-initiated social operants) across the two audience conditions (the between-
people and the self-talk conditions; Becker, 1989; Donley & Greer, 1993; Farrell, 2017; Greer et 
al., in press for 2019; Lodhi & Greer, 1989). 
Components of Bidirectional Naming. According to the descriptive statistical analyses 
of the components of BiN, the results yielded a higher mean for degrees of UniN than the 
speaker component of BiN and a higher mean for degrees of BiN with familiar novel stimuli than 
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with unfamiliar novel stimuli. These are consistent with the previous research in VBDT reporting 
that the listener (UniN) precedes the speaker (BiN) and that BiN with familiar novel stimuli 
precedes BiN with unfamiliar novel stimuli (Frank, 2018; Greer & Du, 2015; Greer et al., 2005; 
Greer & Ross, 2008; Greer & Speckman, 2009; Hawkins et al., 2009; Kleinert, 2018; Lo, 2016; 
Morgan, 2018; Orlans, 2017; Woolslayer, 2013). Moreover, the results indicated that regardless 
of the stimuli or the response topography (as a listener or a speaker), participants who scored 
higher in one component of the BiN also scored higher in other components of BiN as they 
demonstrated derived relational responding. This finding is supported by significant positive 
correlations between UniN and BiN as found by Orlans (2017), and significant positive 
correlations between UniN, BiN, and overall derived relations as found by Morgan (2018). As 
BiN requires the learning of untaught arbitrary name-object and object-name relations, children 
who demonstrate higher degrees of BiN with unfamiliar stimuli will also demonstrate higher 
degrees of BiN with familiar stimuli (Barnes-Holmes, Barnes-Holmes, Hayes, & McHugh, 2004; 
Greer et al., 2017; Horne & Lowe, 1996; Lo, 2016; Morgan, 2018).  
  Bidirectional Naming and bidirectional verbal operants between people. The 
analyses of data indicated a moderately significant positive correlation between BiN with 
unfamiliar stimuli and the number of bidirectional verbal operants between people. According to 
the VBDT, it is noted that conditioned social reinforcement is a prerequisite for independent 
tacts and tact repertoire is a prerequisite repertoire to BiN. Thus, the combination of tact 
repertoire and conditioned social reinforcement may serve to condition visual and auditory 
stimuli as reinforcers during the naming experience (Catania, 2013; Greer et al., 2017; Greer et 
al., in press for 2019; Longano & Greer, 2014; Pistoljevic, 2008). Thus, it is interpreted that BiN 
and bidirectional verbal operants between people share the same social reinforcement function in 
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which that reinforcement from learning the names of new unfamiliar novel stimuli is similar to 
the reinforcement from engaging in conversational units with others.  
The shared social reinforcement function between BiN with unfamiliar novel stimuli and 
bidirectional verbal operants is also supported by the significant negative correlation found 
between BiN with unfamiliar novel stimuli and missed opportunities. It is interpreted that 
children who demonstrated extensive speaker repertoires and possible curiosity for learning the 
names of the unfamiliar object were less likely to miss their opportunities to respond to their 
peers’ verbal behaviors to contact social reinforcement (Becker, 1989; Donley & Greer, 1993; 
Orlans, 2017). It is also important to note the absence of a significant correlation between 
participants’ degrees of UniN with familiar and unfamiliar stimuli, degrees of BiN with familiar 
stimuli, and the number of bidirectional verbal operants between people. As the previous 
interpretation suggested the shared social reinforcement function, these findings suggested that 
learning the name of objects as a listener or learning the name of the familiar objects did not 
share the same social reinforcement as engaging in bidirectional conversational units with others.  
Bidirectional Naming and bidirectional self-talk. The research suggested that BiN and 
bidirectional self-talk are independent speaker-as-own-listener cusps; thus, the child’s degree of 
BiN is not a predictor of his bidirectional self-talk. This claim is supported by the absence of a 
significant correlation between the components of BiN, unidirectional self-talk, and bidirectional 
self-talk. Briggs-Greer (2018) also found similar results in which she found no significant 
differences between the emission of fantasy play by the children across the levels of verbal 
behaviors. However, she noted a linear relation in which children at a pre-foundational stage 
emitted fewer instances of fantasy play in comparison to the children who functioned as a 
speaker-as-own-listener. On the contrary, Farrell (2017) found the establishment of BiN for three 
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of the four participants and increased numbers of social operants (i.e., unidirectional verbal 
operants between people and bidirectional verbal operants between people) following the 
implementation of the STIP. However, Farrell (2017) examined the functional relation between 
STIP and BiN with early intervention children who did not emit, or who emitted low numbers of 
vocal bidirectional self-talk conversational units at the onset of the study. As the current study 
examined vocal and non-vocal self-talk with preschool students who may have already come 
under audience control, the results are inconclusive and further research is warranted to test for 
the relation between BiN and bidirectional self-talk.  
 Bidirectional verbal operants between people and bidirectional self-talk. A 
significant correlation was found between unidirectional verbal operants between people and 
bidirectional self-talk conversational units. This finding indicated that participants who emitted 
more self-talk conversational units emitted fewer unidirectional verbal operants between people. 
One interpretation is the role of audience control during the between-people condition and the 
self-talk condition. As suggested by Becker (1989) and Donley and Greer (1993), children adjust 
their verbal behaviors based on their audiences. This was also evident by the significant 
differences observed in the number of conversational units emitted across the two conditions. 
During the between-people condition, children with higher degrees of BiN engaged in more 
conversational units with others as they may have been more aware of their peers and their peers’ 
play behaviors. However, this relation is not evident during the self-talk condition as advanced 
speaker repertoires may be manifested in two opposing ways: (a) more accounts of self-talk 
conversational units due to their fluent rotation as a listener and as a speaker or (b) fewer 
accounts of self-talk conversational units as they may be engaging in covert self-talk due to their 
awareness of their surroundings and history of punishment for engaging in self-talk.  
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Another interpretation of this finding is the role of the peers in the analysis of social 
reinforcement embedded within the conversational units and the peer’s history of reinforcement. 
The role of the listener is prominent in the explanation of an individual’s verbal behavior (Greer 
& Du, 2015; Greer et al., in press for 2019; Hayes et al., 2001; Skinner, 1957). Based on the 
current definition of the bidirectional verbal operants between people, a speaker cannot engage in 
conversational units without a response from his listener. For example, a speaker may emit 
continuous tacts to contact social reinforcement from his peer, which may not be measured as 
conversational units without a response from the peer. However, the current definition of the 
bidirectional self-talk conversational units is not confined to the same restrictions. Thus, the role 
of the peers and the peer’s history of social reinforcement may lead to a partial measure of social 
reinforcement between people, which is supported by the negative correlation between the 
unidirectional verbal operants between people and bidirectional self-talk conversational units in 
the absence of a positive correlation between bidirectional verbal operants between people and 
bidirectional self-talk.  
Bidirectional Naming and Additional Communicative Behaviors 
 The author examined the correlation between the participants’ degrees of BiN and their 
additional communicative behaviors (i.e., vocal and non-vocal verbal behaviors, single and 
multiple topographies verbal behaviors, initiations, and responses) emitted during the between-
people and the self-talk conditions. Similar to the findings by Briggs-Greer (2018), children with 
higher degrees of BiN with unfamiliar novel stimuli emitted more vocal verbal behaviors with 
others. This can be interpreted that children who scored higher on BiN with unfamiliar novel 
stimuli had the social reinforcement and the extensive speaker repertoires to emit more vocal 
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verbal behaviors in comparison to the children who scored poorly on BiN with unfamiliar novel 
stimuli (Briggs-Greer, 2018; Greer et al., 2017; Greer & Speckman, 2009).  
Other findings to note are significant correlations between the vocal and non-vocal verbal 
behaviors and single topography and multiple topography verbal behaviors emitted within each 
condition but not across conditions. The results indicate that regardless of the level of their 
verbal behavior and the audience conditions, children emitted communicative verbal behaviors to 
enhance their verbal function (i.e., as an autoclitic) or to function as a listener to their speaker 
behaviors. This claim is supported by the absence of significant differences in corresponding 
measures across conditions and significant correlation found between vocal verbal behaviors, 
non-vocal verbal behaviors, single topography verbal behaviors, and multiple topography verbal 
behaviors within each condition but not across the two conditions.  
General Summary of Findings 
The analyses of data suggested that there may be an underlying social reinforcement that 
is shared amongst the three bidirectional operants (Greer & Du, 2015; Greer et al., 2017). I 
propose that the three bidirectional operants are interdependent as they may share social 
reinforcement under different stimulus control. Some may be more observable, such as the 
shared social reinforcement between the bidirectional verbal operants between people and BiN 
with unfamiliar novel stimuli; whereas some may be less observable, as it may be manifested in 
a form of audience control rather than social reinforcement (Greer et al., in press for 2019). Thus, 
it is difficult to conclude if the three bidirectional operants are dependent or independent 
speaker-as-own-listener cusps as they appear to be related under specific stimulus control. 
As the current study was a descriptive study on these bidirectional operants, the results 
only demonstrated the relations between the three bidirectional operants and could not identify 
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the developmental order in which bidirectional operants emerge. However, I speculate that 
bidirectional verbal operants between people may developmentally precede the other two 
bidirectional operants. Out of 30 participants, all 30 emitted bidirectional verbal operants 
between people, 18 emitted more than two bidirectional self-talk conversational units, and 8 
performed at a criterion level for BiN with unfamiliar novel stimuli (criterion set at 80% across 
listener and speaker responses). This suggests that all 30 participants talked in the presence of 
active listeners, but only some demonstrated bidirectional self-talk and BiN in the absence of an 
active listener. Therefore, it appears to be that children must learn to talk to others before they 
can learn to talk to themselves and that BiN is the most sophisticated speaker-as-own-listener 
cusps as it connects speaker and listener responses with other derived relations. Thus, this 
interpretation rejects the notion that bidirectional operants between individuals may 
developmentally occur simultaneously with the bidirectional self-talk conversational units (Greer 
et al., in press for 2019).  
Educational Implications 
 The findings from this study add to the existing literature that examines children’s verbal 
development, especially their speaker-as-own-listener repertoires. There has been an extensive 
amount of research on speaker-as-own-listener repertoires, especially for BiN, as they allow 
individuals to “(1) communicate, (2) contact social contingencies, (3) learn from incidental 
experiences, and (4) learn from different types of instruction” (Greer et al., 2017, p. 675). In 
addition, they have considerable educational significance as they are precursors to other higher-
order operants, such as self-awareness, thinking, problem-solving, and perspective taking (Greer 
& Ross, 2008; Hayes, et al., 2001; Novak & Peleáz, 2004; Skinner, 1957; Skinner 1974). 
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However, rather than examining each bidirectional operant independently, they should be 
examined as interdependent speaker-as-own-listener cusps.  
Greer et al. (in press for 2019) postulated that social reinforcers are involved in all three 
bidirectional operants even when they are only conspicuous in bidirectional verbal operants 
between people. They stated that all three bidirectional operants share common social reinforcers 
for the following reasons: (a) bidirectional verbal operants involve talking and listening to others, 
(b) bidirectional self-talk involves functioning as a speaker and a listener within-self, and (c) BiN 
inherently involves partial social reinforcement as the tact (object and the echoic correspondence) 
serves to condition observing responses (Becker, 1989; Donley & Greer, 1993; Greer & Du, 
2015; Greer et al., 2017; Greer et al., in press for 2019; Greer & Longano, 2014; Kleinert, 2018; 
Lo, 2016; Lodhi & Greer, 1989). In accordance with this theory, the analyses of data found that 
the emission of bidirectional verbal operants between peers is a predictor of incidental learning 
of unfamiliar object-name relations as a result of the shared social reinforcer. This interpretation 
was supported as children with higher degrees of BiN missed fewer opportunities to respond to 
their peers, which was another indicator of audience control and social reinforcement.  
On the contrary, the interpretation of data suggested that the absence of a significant 
relation between BiN and bidirectional self-talk may also be an indicator of audience control. As 
the children become more aware of their peers, their overt self-talk transforms to the covert 
activity of thinking (Greer et al., in press for 2019; Greer & Ross, 2008; Hart & Risley, 1999). 
Thus, the current study adds to the existing literature on verbal development as it shows the 
relation between the three bidirectional operants and the importance of social reinforcement to 
engage in conversation with others, to learn names of new unfamiliar objects, and to come under 
the audience control.  
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Limitations 
The major limitation of this study was in the analysis of self-talk. First to note is the 
restriction in the definition of bidirectional self-talk. In the current study, a bidirectional self-talk 
conversational unit was defined as an individual rotating the role of a speaker and a listener 
during the self-talk fantasy play by emitting at least one initiation and two reciprocal responses 
with communicative and social function for the individual to be reinforced as a speaker and as a 
listener (Becker, 1989; Donley & Greer, 1993; Farrell, 2017; Greer et al., 2017; Greer & Ross, 
2008; Lodhi & Greer, 1989 ). In addition, the author referred to the following behaviors as 
evidence of the presence of a listener within the individual to rule out cause-effect play behaviors: 
(a) change in the tone of voice, (b) manipulation of different toys in an interactive fashion, and (c) 
temporal delay between the command and the action. Therefore, the definition of self-talk 
fundamentally required vocal verbal behaviors for initiations and vocal or non-vocal verbal 
behaviors for responses in order to observe the rotation between the speaker and the listener roles. 
Based on these requirements, many “possible” self-talk behaviors were not recorded as some 
children did not demonstrate the alternation between the speaker and the listener roles within the 
individual as listed above. For example, a child playing with a doll without emitting a vocal 
verbal behavior could not be measured as initiations or responses due to the absence of a listener 
and a speaker, communicative behaviors, and social reinforcement function. Thus, the current 
measures may have only provided a partial view of bidirectional self-talk.  
Another limitation is the role of audience control and covert activity. It has been noted 
that measuring self-talk may be difficult as children can come under the audience control, which 
will transform overt self-talk to covert activity (Farrell, 2017; Greer & Ross, 2008; Hart & Risley, 
1999). Thus, I recruited preschool children as Lodhi and Greer (1989) observed self-talk emitted 
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by four kindergarten students. However, several participants who engaged in overt bidirectional 
self-talk throughout the day did not emit bidirectional self-talk during the self-talk condition. 
Few of these participants demonstrated covert activity (i.e., silent reading). Thus, out of the eight 
participants who did not engage in any bidirectional self-talk, there was a combination of 
children who were engaging in covert activity and children who did not have the joining of the 
listener and the speaker within-self. 
Future Research 
 Due to the descriptive nature of the current study, future research should examine 
whether there is a functional relation between the three bidirectional operants with preschool 
students. The results may indicate a more accurate role of the social reinforcement functions 
across the three bidirectional operants and may provide a developmental order in which the 
bidirectional operants emerge. Future research should look into redefining evidence of a listener 
within-self or capturing self-talk in multiple settings. As mentioned previously, the listed 
evidence for the presence of a listener within-self was important and necessary, but also limited 
as they did not account for instances of self-talk without a vocal initiation and vocal or non-vocal 
responses. Thus, capturing self-talk in a natural setting or across multiple settings (i.e., 
conditions measuring perspective-taking and problem-solving) may provide a complete picture 
of bidirectional self-talk repertoires for children who may have come under audience control. 
Moreover, future research should include audience control measures to examine if measures of 
audience control are related to the three bidirectional operants.  
Participants recruited for the study were predominately preschoolers with a disability 
who initially demonstrated language delay. Due to the small sample size of typically developing 
children, future research should consider recruiting more typically developing children to 
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conduct descriptive comparisons to examine the bidirectional operants emitted by preschoolers 
with and without a disability. In addition, a longitudinal study examining the emergence of 
speaker-as-own-listener repertoires or interdisciplinary research with developmental 
neuroscience may allow new interpretation of the bidirectional operants (Greer et al., 2017; Hart 
& Risley, 1995).  
This was one of the initial studies exploring the relation of bidirectional operants. More 
research and replications are necessary to provide more insight into these speaker-as-own-
listener cusps and their reinforcement function.  
Conclusion  
 It is significant to examine the speaker-as-own-listener cusps and capabilities as they are 
precursors for higher-order operants such as self-awareness, thinking, problem-solving, and 
perspective-taking (Farrell, 2017; Greer & Ross, 2008; Hayes, et al., 2001; Novak & Peleáz, 
2004; Skinner, 1957; Skinner, 1974). The current study shows that social reinforcement and 
audience control are involved with all three bidirectional operants as the findings suggest that 
bidirectional operants in which the social reinforcers are more conspicuous, demonstrated 
moderately significant positive correlations. Thus, the results suggest that learning the names of 
new unfamiliar stimuli shared similar social reinforcers as talking to peers. However, more 
research and replication are warranted as this is one of the initial studies examining the relation 
of three bidirectional operants. Future studies should look into functional relations between the 
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Datasheet used during the bidirectional verbal operants between people and bidirectional self-




Example of a completed datasheet used for bidirectional verbal operants between people probe. 
 
Note: Red brackets represent bidirectional verbal operants between people (conversational units) 
for participant serving as P1 by rotating P1-P2-P1 responses. Asterisks* shows last P1 response 
serving as the initial P1 for the subsequent bidirectional verbal operants between people for P1. 
Blue brackets represent unidirectional verbal operants between people (sequelics) for P2 by 
rotating P1-P2 responses. The green box represents missed opportunities for P2. The black circle 
represents single topography verbal behavior and the yellow circle represents multiple 





















Example of a completed data sheet used for bidirectional self-talk probe. 
 
Note: Red brackets represent bidirectional self-talk conversational units (rotating L-S-L 
responses). Blue brackets represent unidirectional self-talk sequelics (rotating L-S responses). 
Red numbers represent the number of verbal episodes. The black circle represents single 












Example of a transcription used during the bidirectional self-talk data collection procedure. 
Time Action Reaction 
0:09 “He’s going to use the bathroom” 
while picking up the figurine. 
 
Puts the figurine on the toilet - Makes a 
pooping noise. Figurine flushes the toilet. 
0:26 A participant says “And wash please” Figurine washes his hand  
0:40 A participant says “and now”  
0:45 Participant rings a telephone Figurine says, “okay, come here, come on… 
hello? Oh, oh I forgot, it’s Octonaut Day. 
Gonna go eat my breakfast”  
1:22 A participant says  “tomorrow is Paw 
Patrol Day… maybe we get some 
time to play with …. outside ….. 
when is … day? ” while holding the 
figurine and a robot. 
 
1:44 A participant says, “I think you can 
control this thing, I don’t want to 
want to him scare other people at 
school… I don’t think you’re scary, 
you are a friendly robot… ” 
Robot says, “woohoo.. friendly robot… time 
to be a friendly robot” 
2:10 Participant sings  
2:25 A participant says,  “I think today is 
hoverboard day” 
Figurine says, “Today is hoverboard day! 
Woo!” 
 A participant says, “I guess that’s the 
sprinkler…. Play on my hover Party”  
“you… have a boyfriend from 
anyone?” 
“Wee!! Woo! So much fun, hoverboard day 
is the best day ever! Woohoo! Hoverboard 
day!” as the Participant swings the figurine 
up and down 
2:41 Figurine says, “so…” Participant interrupts, “let me just …” and 
picks up the figurine and puts the figurine in 
the robot 
 Figurine says, “today is the day” Participant asks, “today is the day for what? 
You silly robot” 
3:13 Figurine says, “today is the day for 
me to shine” 
A participant says, “What … you shine? 
What? What are you doing?” 
 Figurine says, “activate. Throw…” A participant says, “what?” 
 Figurine says, “Ah! I’m blasting off!” 
As participant holds the figurine up 
A participant says, “I can control you, I have 
a controller. Remember?” 
 Figurine says, “Oh, I didn’t 
remember” 

























1 59 F TD N AA N 100 60 60 40 
2 63 F TD N W N 100 100 90 95 
3 61 M PwD N A Y 100 30 80 0 
4 48 M PwD Y H Y 100 80 100 20 
5 57 M PwD N W Y 80 20 80 25 
6 51 M ASD N W Y 60 40 80 25 
7 50 M PwD Y H Y 80 40 70 0 
8 56 M PwD N AA Y 90 40 70 40 
9 58 M TD N H N 100 80 80 80 
10 59 F TD N W N 70 45 50 15 
11 55 F PwD N W Y 90 60 50 15 
12 35 F TD N W N 50 0 40 20 
13 45 M ASD N W Y 100 100 100 80 
14 58 M PwD N W Y 30 25 50 10 
15 55 M PwD N A Y 90 20 80 40 
16 60 M ASD N W Y 90 85 70 55 
17 57 M PwD N A Y 90 100 100 100 
18 42 F PwD N AA Y 80 50 80 40 
19 62 M PwD N A Y 90 85 60 40 
20 42 M PwD N W Y 70 30 30 0 
21 60 M PwD Y H Y 90 30 80 40 
22 61 F TD N W N 100 40 90 30 
23 54 M PwD Y H Y 50 60 40 5 
24 57 F PwD Y H Y 90 85 90 85 
25 59 F PwD N W Y 100 95 80 60 
26 55 M TD N W N 100 85 90 60 
27 56 M PwD N W Y 100 100 100 95 
28 44 F TD N W N 100 75 100 80 
29 51 M PwD Y H Y 100 80 100 80 
30 56 M PwD N W Y 100 40 90 65 
Note: Participants’ sex was depicted as female (F) or male (M), and English Language Learner 
(ELL) and Individualized Education Plan (IEP) status as yes (Y) or no (N). Participants’ 
diagnosis was depicted as typically developing (TD), preschooler with a disability (PwD), and 
Autism spectrum disorder (ASD). Their race was depicted as White (W), African American 
(AA), Hispanic (H), and Asian (A). BiN = Bidirectional Naming; Fam = familiar novel stimuli; 
Unfam = unfamiliar novel stimuli; UniN = Unidirectional Naming. 
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1 0 55 56 19 45 15 3 57 3 5 
2 1 54 53 25 23 17 3 37 4 6 
3 3 20 39 33 17 26 15 28 6 20 
4 1 34 40 10 32 14 8 38 7 12 
5 1 40 41 43 36 24 6 54 10 14 
6 0 27 23 20 28 7 5 30 5 9 
7 0 35 28 8 32 7 0 39 9 4 
8 1 30 37 13 24 13 4 33 3 7 
9 0 34 33 25 26 16 3 39 8 8 
10 2 54 54 29 37 23 2 58 6 8 
11 1 29 33 12 25 10 2 33 2 6 
12 0 57 52 29 49 16 6 58 1 8 
13 0 39 48 20 28 10 9 29 0 9 
14 1 30 32 8 32 4 4 32 3 6 
15 0 36 44 28 22 25 8 39 3 11 
16 2 8 2 12 12 1 0 13 4 6 
17 0 42 69 24 25 22 0 47 2 5 
18 1 21 23 10 22 6 5 23 7 7 
19 1 16 19 16 15 10 7 18 5 9 
20 0 8 4 11 8 3 2 9 10 4 
21 2 40 49 21 32 19 9 42 7 11 
22 1 15 18 9 14 7 3 18 6 8 
23 2 39 47 19 34 16 3 47 4 11 
24 0 57 50 37 31 28 1 58 1 2 
25 0 50 42 39 23 29 0 52 1 2 
26 1 51 40 40 28 26 3 51 1 3 
27 0 51 54 10 38 18 1 55 2 5 
28 0 54 59 20 39 20 4 55 1 5 
29 1 75 72 56 43 37 2 78 3 7 
30 0 75 60 47 58 24 5 77 5 7 
Note: CU = bidirectional conversational unit between people; S = unidirectional sequelics 
























1 1 57 61 18 60 11 63 8 
2 2 20 32 16 30 9 28 12 
3 0 0 0 0 0 0 0 0 
4 3 36 53 15 55 7 46 15 
5 3 1 9 4 11 1 5 7 
6 2 44 59 29 43 22 52 13 
7 0 30 32 12 27 6 27 7 
8 1 19 41 10 35 8 27 16 
9 0 28 38 6 29 3 24 8 
10 0 0 0 0 0 0 0 0 
11 3 41 53 13 48 9 48 9 
12 3 5 10 10 9 6 10 5 
13 0 4 8 6 11 1 7 5 
14 9 0 23 5 22 3 9 16 
15 3 21 42 9 41 5 30 16 
16 0 0 2 1 1 1 0 2 
17 3 4 14 6 19 0 9 10 
18 3 10 25 7 24 6 16 14 
19 1 1 5 2 5 1 3 3 
20 1 2 7 5 9 2 2 5 
21 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 
23 5 5 20 10 16 7 12 11 
24 0 0 0 0 0 0 0 0 
25 0 1 10 3 9 2 2 9 
26 0 0 0 0 0 0 0 0 
27 1 74 69 36 71 17 80 8 
28 0 60 60 32 54 19 66 7 
29 4 21 42 19 32 15 36 15 
30 5 20 39 7 26 15 30 11 
Note: CU = bidirectional self-talk; S = unidirectional self-talk; ST = self-talk condition. 
